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Abstract
Sedentary behaviour (SB) is considered a risk factor for non-communicable diseases
and long periods of sedentary time (ST) have been associated with an increased risk
of mortality in adult populations. Although investigation in young children (aged 1 to
5.9) is less consistent, this period has been identified as a critical period in which
sedentary habits may be established and track throughout life. The aim of this Doctoral
thesis was to investigate the prevalence, correlates and measurements of SB in toddlers
(aged 1 to 2.9 years) and pre-schoolers (aged 3 to 5.9 years). This thesis is divided into
several chapters. Chapter I states the significance, aims and research questions of the
thesis. Chapter II is a review of the evidence on SB that is presented based on the
Behavioural Epidemiology Framework aiming at i) establishing the links between SB
and health; ii) describing the methods for measuring SB; iii) identifying the factors
that influence SB; (iv) evaluating interventions to change SB; and (v) translating
research into practice. Chapter III includes specific descriptors of the studied
samples, as well as the material and methods used for assessment. Chapters IV and
V present systematic reviews of the prevalence and correlates of objectively measured
SB during the early years. Chapter VI is a methodological study, aimed at assessing
the concurrent validity of the hip-mounted ActiGraph GT3X+ with the thigh-mounted
activPAL accelerometer for measuring SB in toddlers. The subsequent chapters
comprise studies aimed at examining the levels and bouts of objectively measured SB
in Australian toddlers and pre-schoolers by different day types (e.g., childcare days,
non-childcare weekdays and weekends), cross-sectionally (Chapter VII) and
longitudinally (Chapter VIII). Finally, Chapter IX presents a general discussion of
the main findings of various studies of this thesis.
Main Results: Overall, the systematic review on chapter IV highlighted that (i) young
children (children aged 1 to 5 years) spent more than half of their waking time being
sedentary; (ii) girls were more sedentary than boys; (iii) young children were more
sedentary indoors than outdoors while attending childcare centres; and (iv) no
xvii

significant differences in the time spent being sedentary were found between weekdays
and weekends nor between childcare hours and non-childcare hours. The systematic
review presented in Chapter V was unable to identify any consistent correlates of ST
in young children. However, parental and maternal SB levels seem to be associated
with their child’s SB; yet, future research in this topic is needed to corroborate this
finding. The methodologic study presented in Chapter VI indicated that SB
estimations from the ActiGraph cut-points of 48counts/15s and 5counts/5s displayed
the smallest mean bias (~5%) compared to the sitting time estimated by activPAL. The
cross-sectionally examination of levels and bouts across different day types in
Chapter VII indicated that (i) levels and bouts of ST among toddlers and preschoolers appeared to be higher during non-childcare days compared to childcare days;
and (ii) levels and bouts of ST also appeared to be higher during weekends compared
to childcare days, but only on pre-schoolers. The longitudinal examination on chapter
VIII indicated that pre-schoolers presented a higher number of bouts and levels of SB
on the follow-up, during childcare days.
Main Conclusions: Young children tend to be more sedentary on non-childcare days
compared to childcare days, and during time spent indoors compared to outdoors, and
girls tend to be more sedentary than boys. Therefore, interventions targeting these
factors may be considered to reduce SB and improve health in young children.
Future practical implications: The quality of the evidence on the prevalence, patterns
and correlates of SB in young children could be improved with better-designed studies,
in particular, regarding accelerometer wear time criteria and the use of age-appropriate
validated cut-off points and devices to accurately assess SB in young children.
The present thesis was conducted in the Food and Movement theme of Early Start: a
research strength at the University of Wollongong. Early Start’s vision is to be a leader
in interdisciplinary child and family research that has a real impact on people’s lives.
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Chapter I

General introduction

General introduction

1. General introduction
1.1. Background

In adults, high levels of prolonged sedentary behaviour (SB) are associated with poorer
health outcomes and increased all-cause mortality, independently of the amount of
moderate- to vigorous-intensity physical activity (MVPA).1,2 Likewise, lower amounts
of sedentary time (ST) are associated with a lower risk of premature mortality, in
middle aged and older people.3 While evidence suggests that excessive SB is
detrimental for health in adults, evidence on the impact of SB on health and
developmental outcomes in children is less consistent.4 Results from a recent
systematic review indicated that associations between objectively-measured total SB
during early childhood (0 - 4y) and indicators of adiposity and motor development
were predominantly null.5 Nevertheless, some studies indicate that the adverse effects
of excessive sitting time in children might include excess adiposity,6-8 poor
psychological health,8,9 lower cognitive development,8,10 and low bone mineral
content.11
The early years are a critical period in which health behaviours, such as
sedentariness, are established;12 it is also known that SBs seem to track throughout
life.13-15 Because SB has potential adverse effects on health and development in young
children, and tends to track from early childhood onward, determining the prevalence,
correlates and patterns of SB in toddlers (1 - 2.9y) and pre-schoolers (3 - 5.9y), as well
as tracking this behaviour throughout early-childhood is warranted. Moreover, because
the majority of studies addressing SB levels in young children focus on subjective
measures of screen-based SBs,16 studies using objective assessments (i.e.
accelerometry) to measure SB, in young children, are needed.17
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1.2. Purpose of this study

The aims of this doctoral thesis are fivefold:
Aim 1: To systematically review the evidence on the prevalence of objectively
measured SB during early childhood;
Aim 2: To systematically review evidence on the correlates of objectively measured
SB during early childhood;
Aim 3: To assess the concurrent validity of the hip-mounted ActiGraph GT3X+ with
thigh-mounted activPAL accelerometer to measure SB in toddlers;
Aim 4: To examine the levels and bouts of objectively measured SB, by different day
types (i.e., childcare days, non-childcare days or weekend days), in Australian toddlers
and pre-schoolers;
Aim 5. To describe 12-month longitudinal changes in levels and bouts of objectively
measured SB in Australian toddlers and pre-schoolers.

1.3. Research questions

This thesis addresses the following research questions (RQ):
Aim 1
RQ1a: What is the prevalence of objectively measured SB in young children?
RQ1b: Does the prevalence of objectively measured SB in young children differ by
sex?
RQ1c: Does the prevalence of objectively measured SB in young children differ
between weekdays and weekend days?
RQ1d: Does the prevalence of objectively measured SB in young children differ
between childcare hours and non-childcare hours?
RQ1e: Does the prevalence of objectively measured SB in young children differ by
geographical location (e.g., urban or rural)?
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Aim 2
RQ2: What are the correlates of objectively measured SB in toddlers and preschoolers?
Aim 3
RQ3: Are there SB cut-points for the hip-mounted ActiGraph that exhibit an
acceptable level of agreement with the thigh-mounted activPAL in toddlers?
Aim 4
RQ4a: Do SB levels and bouts vary between different day types in Australian
toddlers?
RQ4b: Do SB levels and bouts vary between different day types in Australian preschoolers?
Aim 5
RQ5a: Are there changes in levels and bouts of SB over 12-months among Australian
toddlers?
RQ5b: Do the changes in sedentary levels or bouts vary according to different day
types among Australian toddlers?
RQ5c: Are there changes in levels and bouts of SB over 12-months among Australian
pre-schoolers?
RQ5d: Do the changes in sedentary levels or bouts vary according to different day
types among Australian pre-schoolers?

1.4. Significance of the study

Understanding the prevalence and patterns of objectively measured SB in young
children allows researchers, practitioners and parents to know how much time young
children spend being sedentary during the day, and inform SB researchers and
practitioners as to when and where interventions should be targeted (i.e., childcare
days, non-childcare days or weekend days). A comprehensive understanding of the
correlates of SB is important to understand what should be targeted and for whom
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when developing interventions to reduce the amount of time spent in SB during the
early years (e.g., low SES toddlers or high SES pre-schoolers).
Establishing the concurrent validity of cut-points that estimate ST using the
hip-mounted ActiGraph and against estimates of sitting time from the thigh-mounted
activPAL is necessary to understand if commonly used and feasible methods of
assessing free-living, habitual SB in young children can provide assessments that are
adequately accurate.
According to the World Health Organization (WHO), encouraging physical
activity (PA) and reducing SB may result in immediate and long term health benefits
in young children.18 Furthermore, the findings that confirm that the amount of time
spent in SB increases with age in children and adolescents needs to be confirmed
through longitudinal studies in young children.17 Tracking changes of SB using
objective measures will help researchers to comprehend how this behaviour evolves
throughout early childhood.13
This thesis includes a series of studies that aim to address the knowledge
deficits presented above. A better understanding of measurement methods, influencing
factors, levels and patterns of SB in young children will allow researchers, health
promoters and policy makers to design better interventions to reduce this behaviour.
This will also be beneficial for childhood educators and parents to eventually change
their practices in order to decrease SB and address the inactivity crisis among young
children.
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2. Literature review
The literature review chapter focuses on sedentary behaviour (SB), with a particular
focus on early childhood, and was structured according to the behavioural
epidemiology framework described by Sallis et al.1 Emphasis is given to the three first
phases of the framework: i) Establish links between behaviours and health; ii) Develop
methods for measuring the behaviour and iii) Identify factors that influence the
behaviour, because these phases are most relevant to the original research studies
described in the chapters within this thesis. The last two phases of the framework iv)
Evaluate interventions to change behaviour and v) Translate research into practice are
also briefly discussed in this chapter.

2.1. Sedentary behaviour definition

In the past, researchers have used the term sedentary to refer to excessive amounts of
sitting/lying, to the lack of physical activity (PA) or physical inactivity. The use of
different terms has generated some confusion and difficulties in interpreting and
comparing different studies. Recently, the Sedentary Behaviour Research Network
(SBRN) proposed consistent definitions for several related terms to prevent further
misunderstandings. Thus, SB is defined as any waking behaviour characterised by an
energy expenditure of ≤1.5 metabolic equivalents, while in a sitting, reclining or lying
posture.2 The time spent in SB (e.g., minutes per day) is defined as sedentary time
(ST).2 The term “inactive” was proposed by the same group to describe those who are
performing insufficient amounts of moderate- to vigorous-intensity physical activity
(MVPA) (i.e., not meeting specific PA guidelines).2 PA is referred to as any bodily
movement produced by the contraction of skeletal muscles that results in a substantial
increase in energy expenditure above resting levels.3
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Given that SB is considered distinct and independent from PA behaviours of various
intensities >1.5 METS,4 an individual can be physically active (i.e., meet the physical
activity guidelines) but still spend extended periods of their day being sedentary.5
During early childhood, the energy expenditure from sitting appears to be less than
standing (10.3 kcal/min vs. 15.9kcal/min).6 According to LeBlanc et al.7 the most
common SB among young children is screen time (e.g., TV, computer, tablets, cell
phones). However, passive transportation, sitting while engaging in arts and crafts,
sitting for meals, or sitting for educational activities such as storytelling are other types
of SB that young children engage in.

2.2. Sedentary behaviour and health

According to the evolutionary biology theory, the population evolves through a
process of natural selection.8 From a physiological point of view, only the genes that
enable strong aerobic metabolism (allowing the human species to use physical activity
for survival in food acquisition, defence and reproduction) survived over hundreds of
thousands of years.9 Unfortunately, in the recent centuries, particularly since the first
industrial revolution, humans appear to be experiencing a decline in PA levels.
However, the human body has evolved in such a way that most of its systems do not
develop and function in an optimum way unless stimulated by frequent PAs.9 Imposing
our bodies to limited daily PA results in minimizing glucose uptake into the skeletal
muscle and increases fat storage. These could potentially lead to several chronic
diseases, such as type II diabetes and cardiovascular diseases and consequently
premature mortality.9 The first study that related SB/inactivity as a risk factor for noncommunicable diseases was written in the middle of the 20th century by Morris et al.10
Subsequently, research has been trying to understand the health benefits of PA on one
hand, and associations between sedentariness and disease risk, on the other hand.
The development of new technologies has enabled people to reduce the amount
of physical labour needed to accomplish many tasks in their daily lives. As the
availability of new devices continues to increase, the effects on physical labour and
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human energy expenditure have grown to include many aspects of the lives of an
increasing number of people.11 This evolution improves the efficiency of our society
in several sectors and has increased productivity; however, humans now spend the
majority of their waking time being sedentary.11-13
There is emerging evidence-based in adults showing that excessive ST impacts health,
independently of PA levels. A recent meta-analysis with data from more than 1 million
men and women indicated that very high levels of daily PA (60-75min/day) are needed
to attenuate the increased risk of death associated with high sitting time.14 Previous
studies have shown that spending excessive time being sedentary, independently of the
amount of MVPA undertaken is inversely associated with risk factors or health
outcomes such as metabolic syndrome, excess adiposity, low bone density, and poor
brain and cognitive health.12,15-17

2.3. Sedentary behaviour and health during early childhood

Evidence suggests that high levels of SB have detrimental effects on health outcomes
among adults. In recent years the effects of high SB in paediatric age groups,
particularly in western countries, have also been studied. It is not only adults who
appear to accumulate large amounts of SB; adolescents, school-aged children,13,18 preschoolers19,20 and even toddlers21 have been shown to engage in substantial amounts
of ST.
Although high levels of SB have been reported among paediatric populations,
little evidence suggests that SB volumes or patterns are clearly associated with
individual or clustered cardio-metabolic risk in young people (6-19 years), even after
accounting for MVPA.22 Similar findings were presented in systematic reviews in
school-aged children and youth from studies that used objective measures of SB.23,24
During early childhood, results from a systematic review indicated that associations
between objectively-measured total SB and indicators of adiposity and motor
development were predominantly null.25 The absence of associations between SB and
risk factors or health outcomes in early childhood might be explained by their overall
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good health status.26 Therefore, the effects of excessive ST may require considerable
time to show detrimental effects. Nevertheless, individual studies with young children
indicated that higher levels of SB are associated with lower levels of motor
competence,27 low cognitive development,7,28 low psychosocial health,7,29 low bone
mineral content30 and excess of adiposity7,31,32.
Even though the evidence on the associations between SB and health outcomes
in early childhood remains unclear, minimising ST across the early years (0 - 5.9y) is
important for health. This stage of development has been identified as being influential
in establishing sedentary habits,33,34 and subsequently SB may track from childhood to
adolescence, 33,34 and from adolescence to adulthood.34,35 Therefore, the likelihood of
having a sedentary adult population, more prone to develop non-communicable
diseases, is higher if SBs are established early in life. Nevertheless, it is important to
notice that different types of SB may have distinctive impacts on different heath
indicators. For instance, reading and school homework, activities that are typically
sedentary, appear to be beneficial for academic achievement and cognitive
development.25 However, TV viewing and/or screen time might be detrimental to body
composition, negative behavioural conduct / pro-social behaviour, lower academic
achievement and poorer self-esteem.25

2.4. Prevalence of sedentary behaviour in early childhood

Understanding the prevalence of SB is necessary as it allows researchers, practitioners
and parents to accurately know how much time young children spend in this behaviour
during a typical week or day and potentially also during different types of days (e.g.,
weekdays vs weekend days), during different segments of the day (e.g., childcare
periods vs non-childcare periods), compare prevalence rates by sex, socio-economicstatus, cultural background, or geographic locations. Such knowledge may help clarify
researchers and practitioners how, where and with whom interventions to reduce SB
should be conducted.
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As an example, the reviews of Downing et al.21 and Rey-Lopez et al.36 only
included studies that used measures of screen-based activities to capture SB. Although,
screen-based activities are SBs they do not represent the total amount of time that
young children spend in this behaviour. In fact, television viewing, as an example,
comprises only ~25% of children’s total ST,37 which means that, in studies such as the
one above-mentioned, the remaining ST was unaccounted for.
A systematic review aiming to determine the prevalence of SB in children
under 2 years included 24 studies that mostly used parent-reported screen time to
measure SB, no studies reported objective measures of SB.21 Therefore, estimations
on the overall prevalence of SB were not possible. However, the authors estimated that
in this age group children spent between 36.6 to 330.9 min/day on screen activities.21
The prevalence of SB among young children was estimated in another systematic
review that only considered studies that measured ST objectively. That systematic
review included children aged 2-5 years from 10 different countries and habitual ST
ranged between 35% to 94% of daily waking hours.19 These percentages represent a
huge variability, which was acknowledged by the authors. The large variability in the
results may have been caused by the combination of a range of different objectivemethods to assess ST, such as direct observation and accelerometry. Another
methodological concern was the discrepancy in cut-points used across the studies that
measured ST objectively using hip-mounted accelerometers. Therefore, study designs
should consider full day assessments (while participants are awake), different day
types (e.g. childcare vs non-childcare; weekday vs weekend), as well as environmental
considerations (e.g., outdoor time vs indoor time) to better characterize young
children’s ST. This will allow researchers a better understanding of the prevalence and
patterns of total SB throughout a child’s week. Besides, several studies reporting
objectively measured SB during the early years were published since the last
systematic review was conducted on this topic. 19 Therefore, a new systematic review
on this topic is needed to synthesize the new evidence.
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2.5. Sedentary behaviour levels and bouts across different day
types during the early years

Evidence suggests that SB levels and bouts (periods of uninterrupted SB2) increase
during the transition from pre-school to elementary school.38,39 However, little is
known about how SB levels and bouts change over the early years. A longitudinal
study conducted with 555 Swiss pre-schoolers, aged 2 to 6 years, showed that
objectively-measured ST remained fairly stable after a 12 month period.40
Nevertheless, a longitudinal study among Australian toddlers and pre-schoolers (n =
330) reported that objectively-measured ST decreased from 19 months to 3.5 years
and remained stable from 3.5 to 5 years of age.41 Indeed, evidence on this matter is
still scarce, and no studies have examined changes in levels and bouts of SB across
different day types (childcare weekdays, non-childcare weekdays and weekend days).
Only a small number of studies have investigated sedentary bouts during early
childhood.41-46 From the aforementioned studies, only three investigated bouts across
different day types and only two investigated sedentary bouts longitudinally.41,43,44,46
Briefly, Swedish children tend to be more sedentary during weekends.46 Australian
pre-schoolers seem to accumulate less time on 5-9 minute bouts, however 1-4 minute
bouts increased either during childcare periods and during the whole week.43 Ellis et
al. indicated that Australian toddlers were more sedentary and presented a higher
number of 5-9 min bouts than their pre-schooler peers.44 Whereas, Kuzik et al.45
indicated that Canadian pre-schoolers participated in less SB levels and bouts lasting
1-4 and more than 15 minutes than toddlers.
In summary, the available evidence on how ST and sedentary bouts change
over the early years and potentially diverge across different day types is limited.
Likewise, in some countries such as Australia, Netherlands or UK, young children may
not attend childcare centres or preschools on every weekday, which creates a new day
type (non-childcare weekday). This day type may be different from weekends as
potentially only one parent / carer is available, possible multiple children being cared
for by just one parent / carer, no children/peers to play with, possible care by other
agents, such as grandparents.
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Therefore, further investigations of sedentary levels and bouts are needed to
inform the design of effective interventions aimed at reducing total and prolonged ST
in early childhood.

2.6 Correlates and determinants of sedentary behaviour

Although the true prevalence of ST is unknown, available data from toddlers
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pre-schoolers 7,19,47 suggest that young children spend large portions of their time being
sedentary. Therefore, it is important to examine the factors (e.g., correlates and
determinants) that are associated with this behaviour.
Evidence suggests that age, physical activity levels, BMI, SES and mood were
all significantly correlated with sedentariness in adults.48 However, there are no data
to extrapolate such findings to children. But, there is strong evidence that children and
adolescents (2 to 18 years) spend more time in SB with increasing age.49
Compared to older age groups, the evidence on SB correlates among young
children is scarce. Nevertheless, the correlates of objectively measured SB during early
childhood education and care (ECEC) services among young children from birth to 5years of age, were recently reviewed and results indicated that the presence of outdoor
environments at childcare centres were inversely associated to the SB levels.50 A
broader systematic review investigating the correlates of habitual ST in pre-schoolers
across the whole day (not only during childcare periods) suggested that the association
between sex and objectively measured ST was indeterminate.51 Furthermore, in this
systematic review only 9 out of 29 studies measured ST objectively. As the
proliferation of published papers using objective devices to capture ST in early
childhood is a relatively recent phenomenon, and as the search for the review by
Hinkley et al.51 was conducted in 2008, this may explain the low number of studies
using objective devices to capture ST in that review. This also means that new and
possible different evidence has been published since 2008. Therefore, new systematic
reviews investigating the correlates of objectively measured ST during early years are
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needed in order to understand how, where and with whom to intervene, allowing the
development of more effective strategies to reduce ST in early childhood.

2.7. Compositional data analysis and movement guidelines

Demonstrating the potential health consequences of SB has been difficult due to the
use of traditional statistical approaches that fail to recognise that the movement
behaviours of Sleep, SB, and PA form a 24-hour composite whole. For example, even
with more complex methods that have been recently applied to the field of movement
behaviours, such as isotemporal substitution, the concept of a finite whole composition
over the 24h period has not been regarded. Isotemporal substitution does not account
for possible (i) asymmetry of estimated changes in the outcome variables; (ii) nonlinearity of the relationship between the amount of time reallocated and estimated
changes in the outcome variable; and (iii) differences in the relationships at various
daily movement levels. Conversely, compositional data analysis provides a more
robust way of including all daily movement behaviours (sleep, SB and PA) in
multivariate statistical models and provides an integrated insight into the associations
of movement behaviours and health outcomes. This approach is also not limited to a
behaviours’ pair-wise reallocation.52 Results from compositional data analysis are
interpreted as the association of one movement behaviours with a health indicator,
proportional to (rather than independent of) the other movement behaviours.
Recent studies using compositional data analysis to appropriately account for
the compositional nature of movement over a 24h period confirm that ST has
detrimental health consequences among adults52 and older children.53 This line of
thought is being investigated further in order to identify if movement behaviour
guidelines should be modified, to inform populations of the “healthiest” daily
combination of movement behaviours.
Considering the potential importance and co-dependence of all movement
behaviours across a day, the Australian 24-Hour Movement Guidelines for The Early
Years were recently released. In relation to SB, these guidelines state that toddlers and
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pre-schoolers should not be restrained for more than 1 hour at a time (e.g., in a stroller,
car seat or high chair) or sit for extended periods.54 For those children younger than 2
years of age, sedentary screen time is not recommended. For those children older than
2 years of age, sedentary screen time should be no more than one hour; less is better.
When sedentary, engaging in pursuits such as reading, singing, puzzles and storytelling
with a caregiver is encouraged for young children.54

2.8. Measurement of sedentary behaviour and sitting time
Subjective vs objective measures
Various subjective and objective measures are available to assess free-living PA and
SB during childhood.55 Subjective methods include self- or parent proxy-reports,
questionnaires, diaries or interviews. Although these methods are easy to administer
and relatively inexpensive, self-report questionnaires and diaries are not possible to
administer to young children due to their developing cognitive capacities.
Additionally, parent proxy-reports of total SB/sitting for young children are scarce,
and likely to be inaccurate, as many parents do not spend the whole day with their
children.56 Nevertheless, parent-report or assessment of time engaged with screenbased forms of SB, such as TV viewing and other electronic devices, has been the most
common approach to assess ST in children.21,25 Improvements in understanding sitting
time or total ST are largely due to developments in activity monitoring technology,57
which address numerous limitations related to proxy-reports or screen-based
measures.58
Accelerometer-based activity monitors, as the name indicates, measure the
acceleration of the body. The accelerations are converted into counts which can be
recorded by the device and categorized into different activity categories such as,
sedentary, light PA and MVPA, using cut-points or algorithms.59 Compared to other
methods of objectively measure ST or PA such as direct observation,60,61
accelerometers can record movement over longer periods of time, for example an
entire week; therefore, being more feasible and cost-effective for large-scale studies.
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Their light weight, small size and robust design makes them feasible to use in such
studies. Additionally, these types of activity-monitors are becoming increasingly
affordable62 and have demonstrated adequate validity and reliability in young
children,63-76 as such they have become the preferred method to estimate ST in young
children.
Activity monitors allow for the quantification of overall levels of ST, sedentary
bouts and breaks over entire days or during specific segments of the day, such as during
childcare-hours. Objective measures are therefore ideal for investigating levels and
patterns of SB in young children, as well as the factors that might influence SB. There
are several accelerometers available to measure ST or the sitting time. The ActiGraph
(ActiGraph. Pensacola, Florida, USA) is the most commonly used activity monitor in
studies with children. The activPAL (PAL technologies ltd. Glasgow, UK) is worn on
the thigh and uses inclinometry technology to differentiate SB (sitting) from standing
or stepping, and it is also a relatively comon device used in younger ages.

ActiGraph
The ActiGraph (ActiGraph. Pensacola, Florida, USA) accelerometer is typically worn
on the right hip (this placement has been used because it is relatively discreet, can be
hidden under clothes, and captures the movement of the trunk). This is a valid, reliable
and feasible monitor to use in children as young as 1 year.64,66,76,77
Accelerometers, in particular ActiGraph devices, are a feasible and valid
measurement tools to use in large scale studies, but they are not without limitations.
The choice of the cut-points used to estimate the different activity types and intensities
might influence the time spent in each behaviour (sleep, SB and PA). In particular,
higher SB cut-points may overestimate this behaviour and underestimate light PA.78
Additionally, the accuracy of the available ActiGraph SB cut-points for toddlers is still
debatable. Some cut-points have been validated specifically for toddlers;76,77,79
however, other cut-points that have been validated for pre-schoolers are also used in
toddlers.70,75,80,81 Methodologies to develop cut-points in young children have also
varied: different age groups, samples sizes, activity protocols or criterion measure
might result in considerable differences in estimates of SB.55,82 The ActiGraph SB cut-
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points for young children range from 5counts/5s77 to 301counts/15s.83 Thus,
comparing outcomes between studies is challenging (please see Table 2.1). In a
validation and cross-validation study, Trost et al.76 compared several ActiGraph SB
cut-points on 18 toddlers that were videotaped during 20min while wearing the
accelerometer. Results indicated that lower cut-points (25 counts/15s) may provide
more accurate measures of SB than higher cut-points.76 The cut-point of 25 counts/15s
was also recommended for pre-schoolers after cross-validation between several
ActiGraph cut-points and energy expenditure measured by room calorimetry and
direct observation (~150min) in 40 children aged 5.3±1.0 years.65

Table 2.1. ActiGraph sedentary behaviour cut-points for toddlers and pre-schoolers.
Cut-off Point

Sample

Criterion Measure

Activities used to validate the cutpoints

5counts/5s
(60cpm)

n = 18
Age: 2-3 y

Direct observation
(CARS)

Free play session.

Evenson at. al
(2008)

25counts/15s
(100cpm)

n=33
Age: 5-8 y

Portable metabolic
system

Pate et al. (2006)

37counts/15s
(148 cpm)
48counts/15s
(192 cpm)

n = 29
Age: 3-5 y
n = 22
Age: 16-35
m

Portable metabolic
system
Direct observation
(CARS)

Sit, watch TV, colouring in, slow
walk, stair climbing, dribble
basketball, brisk walk, bicycling,
jumping jacks, running.
Rest, slow walking, brisk walk and
running.
Free play session.

Kelly et al. (2016)

181counts/15s
(724 cpm)

Direct Observation
(CPAF)

Adult-led structured physical
activity class.

Pate et al. (2006)

200counts/15s
(800 cpm)
1100counts/60s
(1100cpm)
301counts/15s
(1204 cpm)
372counts/15s
(1488 cpm)

n=23
Age: 12-36
m
n = 29
Age: 3-5 y
n = 30
Age: 3-4 y
n = 33
Age: 3 y
n = 18
Age: 4-6 y

Portable metabolic
system
Direct Observation
(CPAF)
Direct observation
(CARS)
Direct observation
(CARS)

Rest, slow walking, brisk walk and
running.
Free play session.

Author
Costa et al. (2013)

Trost et al. (2012)

Reilly at al. (2003)
Sirard et al. (2005)
Van Cauwenberghe
et al. (2011)

Sitting, sitting and playing, slow
walking, fast walking, jogging.
Sitting, standing, drawing, walking,
jogging at seven speed levels, free
play session.

Another issue of hip-mounted accelerometry and cut-point methodologies relies on
the difficulty to distinguish standing still from sitting.55 According to the SB
definition,2 standing still is not a SB, and as hip-mounted accelerometers fail to
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distinguish these two postures, standing still might be considered as SB, and
therefore the time spent in SB is overestimated.

ActivPAL
Unlike the typical methods presented previously for the ActiGraph, the activPAL
monitor (PAL technologies ltd. Glasgow, UK) is fitted on the thigh and classifies SB
based on the angle of the limb, overcoming the main limitation of hip-mounted
accelerometry and providing more accurate estimates of SB in children than several
other objective monitoring approaches.84
The activPAL has been validated among school age and preschool
children.65,84-87 Nevertheless, the ActivPAL has not been validated in toddlers and the
validation studies in pre-schoolers have provided mixed results. Of the three studies
examining the validity of the activPAL to measure total ST in pre-schoolers,

63,73,87

two of them reported that the activPAL had acceptable validity, practical utility, and
reliability for the measurement of different postures, including SB, in this age group.
However, Janssen et al.73 findings suggested that activPAL might overestimate ST
whereas Davies et al.63 results suggested that activPAL might underestimate ST.
Previous studies were in contrast with the findings from De Decker et al.87 who
reported poor classification accuracy of the activPAL for assessing SB and non-SB
activities. The characterization of different postures such as kneeling or half kneeling
as SBs during direct observation protocols which were used as the criterion measure
in these studies varied. This may at least partially explain the contrasting results.
Measuring SBs with activPAL poses some advantages over other objective
methods. The practical utility of the activPAL among pre-schoolers was described by
Davies et al.63 A questionnaire was administered to 20 parents after the completion of
the 7-day study. On a 5-point Likert scale, ranging from “strongly agree” to “strongly
disagree”, only one parent strongly agreed with the question “My child would not
agree to wear the monitor based on this experience”. Regarding the question: “The
activPAL was uncomfortable to wear”, only one parent replied, “strongly agree” and
one other replied “agree”, leading the authors to consider that the practical utility of
the device for young children in free-living conditions is encouraging. To the best of
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our knowledge no studies have compared compliance between the activPAL and
waist-mounted accelerometers in toddlers and/or pre-schoolers. Nevertheless, it might
be reasonable to think that young children would have more difficulties removing the
activPAL (which is usually placed on the thigh with a medical adhesive tape) than a
waist-mounted

accelerometer.

Nevertheless,

relative

to

waist-mounted

accelerometers, skin irritation, discomfort, and placement concerns might be higher
when using activPAL, with this age group.
Despite compliance issues, combining both objective methods (waist-mounted
accelerometers and thigh mounted monitors) in population-based studies of young
children should be considered. This method might be an optimal, although potentially
less feasible approach, to detect ST along with the different intensities of PA more
accurately.

2.9. Interventions to reduce sedentary behaviour

A recent systematic review and meta-analysis of randomized controlled trials (RCTs)
aiming to reduce ST in 0-5-years-old concluded that, despite the heterogeneity
between retrieved interventions, in general, the RCTs were able to reduce the amount
of SB, suggesting that this age group may be an appropriate time to intervene.88 In this
systematic review, of the 31 retrieved studies 13 were interventions that aimed at
reducing total ST (and not just specific types of SB such as screen time), and from
these only seven studies89-95 reported continuous measures of ST, and therefore were
included in the meta-analyses. Results indicated that the overall mean difference in ST
between intervention and control groups was −18.91 (95% CI −33.31 to −4.51)
minutes per day, and the test for the overall effect was 2.57 (p=0.01). From the 13
studies that reported changes in ST, nine were conducted in pre-schools and one was
conducted in childcare centres. From those, three were effective at decreasing
ST.90,92,95 The remaining six studies were not successful in reducing ST.89,93,94,96-98
Only one study was conducted at participants’ homes and no significant effect was
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found.91 Finally, two studies were conducted in community-based settings and neither
was successful at reducing ST.99,100
According to the aforementioned systematic review,88 five RCTs were
conducted in Australia. Two of the interventions were effective in reducing young
children’s screen time.101,102 Both used parent surveys to measure screen time. These
studies were conducted at participants’ homes102 and at community-based setting.101
The remaining three studies reported no significant differences and were conducted at
ECEC services using direct observation,97 in a community-based settings using the
activPAL to assess ST;99 and lastly, at both community-based settings and at
participants’ homes, using parent-reported screen time.100 Extended information of the
interventions that occurred in Australia can be seen in Table 2.2.
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Table 2.2. Description of RCTs conducted in Australia.
Author

Sample

Design, setting
& duration

Sessions

Behaviours
targeted

Jones 2015

n=90
Sex split not
reported Age
range 3- 5y

RCT Childcare
centres
12 months

Three 1-h
workshops
with centre
staff

Diet, PA and
SB

Development of written nutrition
and physical activity policies;
staff role modelling of physically
active play; staff provision of
prompts and positive comments to
children to encourage PA;
provision of adult-guided
fundamental movement skill
development activities every day
for at least 75 % of children;
restriction of sedentary screen
time to less than weekly

3 newsletters (for
centres) containing
information on
healthy eating and
PA (unrelated to
intervention)

Direct observation
using System for
Observing Play and
Leisure in Youth
(SOPLAY); 1-day
(between 9am and
3pm) observation, in
10min intervals

No significant difference
between proportion of
children engaged in sedentary
behaviour in IV group (44.8%,
95% CI 41.5, 48.1) and
control group (49.2%, 95% CI
45.8, 52.5) at follow-up
(p=0.49)

Wen 2012

n=667
Sex split not
reported Age
at f/u 24mo

RCT
Home
~24 months

Eight
sessions

Infant feeding
practices, child
nutrition &
active play,
family PA &
nutrition, &
social support

Mothers received eight one- twohour home visits from a trained
nurse who taught specific skills
and knowledge in relation to
healthy infant feeding practices
and active play and discussed any
issues and concerns; mothers also
received written resources to
support each key message

Usual care and home
safety promotion

TV viewing; parent
survey (total time
child spent watching
TV each day in a
usual week)

IV group had a significantly
lower percentage of children
watching TV for >60 minutes
a day than the control group
(14% v 22%, p=0.02) post-IV

Campbell
2013

n=542 53%
boys Mean
age 3.8mo

RCT First-time
parent groups
15 months

Six 2-hour
sessions

Diet, PA & SB

Parents offered six 2-hour
dietitian-delivered sessions over
15 months focusing on parental
knowledge, skills, and social
support around infant feeding,
diet, physical activity, and
television viewing

Usual care from
MCH nurses

TV viewing; parent
survey (mins spent
watching TV on a
typical day)

No significant differences in
TV min/day mid- intervention
(child age 9mo): mean diff = 1.64 (95% CI -10.70, 7.43),
p=0.72
IV children watched
significantly less TV min/day
than control children post-IV:
mean diff = -17.12 (95% CI 26.45, -7.79), p<0.001

Intervention

Control

SB measure
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Anticipatory guidance perspective
to facilitate group-based problem
solving to possible challenges, to
increase knowledge about screen
time recommendations and
outcomes of screen time, increase
awareness and implementation of
strategies to participate in healthy
levels of screen time, and teach
families how to practice
behaviour modification such as
planning and monitoring.

Wait-list control

activPAL accel (15s
epoch; valid data:
≥6h/day on ≥3
weekdays and ≥1
weekend day) Screen
time; parent time-use
diary on 3 weekdays
and 1 weekend day
(amount of time spent
watching TV, using
computer, e- games
and handheld devices
in 15-min increments)

No significant difference
between groups on % time
sitting from activPALs \
(adjusted group mean diff =
1.0 ( 95% CI −7.7, 9.7), effect
size = 0.11)
No significant difference
between groups on mins/day
total screen time (adjusted
mean diff = −31.2 ( 95% CI
−71.0, 8.6), effect size = 0.70)

Skouteris
2015

n=201
52.6% boys
control
group; 47.3%
boys IV
group Mean
age 2.7±0.6y

RCT
Community
venues or
participants'
homes
10 weeks

10 90-min
workshops

Diet, PA & SB

Workshops relating to nutrition,
PA, parenting and lifestyle
behaviours. Each workshop
included 3 sections: (i) 30 min of
guided active play; (ii) 15 min of
healthy snack time based on an
evidence-based, exposure
technique to promote acceptance
of fruit and vegetables and (iii) 45
min of supervised creative play
activities for the children while
parents attended an interactive
education and skill development
session.

Wait-list control

Screen time and SB;
parent report using
Physical Activity
Questionnaire for preschool-aged children
(Pre- PAQ) (time
child spent in
activities ‘yesterday’
[weekday] and ‘last
weekend’ [Saturday
and Sunday]; 3-day
mean calculated for
both screen time and
SB (average of 1
weekday, Saturday
and Sunday)

No significant intervention
effect on either screen time (10.26 [95% CI -26.26, 5.74],
p=0.21) or SB (15.33 [95% CI
-20.02, 50.68], p=0.40)

IV

SB

III

Six 1-h
sessions

II

RCT
Sessions held at
University
6 weeks

I

n=22
60% boys
control
group, 67%
boys IV
group
Age range 23y
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Abbreviations: 95% CI; 95% Confidence Interval; accel. = accelerometer; BMI = body mass index; diff = difference; FMS = fundamental movement skills; f/u = follow up; h = hour; IV = intervention; LMS =
locomotor skills; min = minute; PA = physical activity; RCT = randomized controlled trial; SB = sedentary behaviour; SCT = social cognitive theory; SES = socio-economic status; TV = television; y = year.
This table was adapted from Downing KL, et al. Br J Sports Med 2018;52:314–321
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2.10. Research translation into policy and practice

Synthesising, exchanging, applying and disseminating research is not straight forward.
In fact, the translation of evidence into policy and practice is the last phase of the
epidemiological framework, and it is also the least studied. Recently, policy
recommendations/standards that focus on SB have been developed103 in order to
prevent high and unhealthy levels of SB.
Policy level approaches are promising and potentially powerful ways to reduce
SB. Government guidelines are key policy components as are recommendations from
non-government organizations. Likewise, the Australian 24-Hour Movement
Guidelines for the Early Years (Birth to 5 years) were released with clear indication
on how much SB toddlers should engage in or limit.54 Accordingly, some studies have
been conducted reporting toddlers and pre-schoolers compliance with SB, PA, sleep
and screen time guidelines, and associations between guideline compliance and health
outcomes.104,105 Nevertheless, to the author’s knowledge, no studies have investigated
how these guidelines are being applied in pre-schools, childcare centres or in the home
environment. Although this is an area in need of further research, future efforts in
knowledge translation may also include policy development regarding alternative
ways of working with toddlers and pre-schoolers in these educational environments
(i.e., on how to decrease SB at childcare centres/preschool).
The engagement of all key stakeholders in the process of policy development
is also paramount, because it is where and with whom the knowledge needs be
translated into practice, and eventually to empower strategies to communicate and
implement recommendations. For policies to work there needs to be a coordination
between individual, non-government agencies, and all levels of government.
Investment in evidence-guided initiatives is crucial, and researchers need to work with
other stakeholders to demonstrate that such changes are cost-effective. This means,
that limiting the amount of time spend in SB do not adversely affect the learning
outcomes of toddlers and pre-schoolers, and if possible, improve them.103
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2.11. Summary

The aim of this chapter was to review the existent evidence on SB in early childhood
with respect to the behavioural epidemiology framework.1 The identification of the
gaps in the literature, such as the absence of a systematic review on the prevalence and
correlates of objectively-measured SB in early childhood, the need for further
methodological and validation research pertaining to accelerometer cut-points for
toddlers, and the lack of studies identifying where and when Australian toddlers and
pre-schoolers accumulated the majority of their ST, led to the research questions
addressed in the present thesis.
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3. Methods

The research studies presented in this thesis used various designs such as systematic
reviews and meta-analyses, and cross-sectional and longitudinal observational studies.
All studies were conducted in accordance with ethical procedures of the Helsinki
Declaration for Human Studies.1 All the information collected during the research was
kept strictly confidential.
In this section of the thesis the methods of each study are only briefly described,
as their full description can be found in each of the studies presented in the following
chapters.

3.1 Study design and sampling

Studies 1 and 2 are systematic reviews, and therefore no sample recruitment was
needed. All procedures within these systematic reviews were aligned with the
PRISMA statement.2
For studies 3, 4 and 5 data were gathered from two major projects:
1) The Get-up! Study3 cluster RCT aimed to examine the effects of reducing
sitting time on cognitive development and executive functions in 335
Australian toddlers (aged 14 to 36 months) from Illawarra, NSW. The
University of Wollongong’s Human Research Ethics Committee approved
the study (HE15/236) and the RCT protocol was registered in the
Australian

and

New

Zealand

Clinical

Trials

Registry

(ACTRN12616000471482, 11/04/ 2016, retrospectively registered).
Baseline data were collected in 2015 and 12-month follow-up data were
collected in 2016.
2) The PATH-ABC study (Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition study),4 was a longitudinal study in
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505 pre-schoolers (aged 3- to 5 years at baseline), which aimed to
investigate the potential influence of SB and PA on development and health
outcomes in young children. Baseline data were collected in 2015 and 12month follow-up data collection occurred in 2016. The PATH-ABC study
was approved by the University of Wollongong’s Human Research Ethics
Committee (HE14/310).
Table 3.1 summarizes the main characteristics of each of the original studies
in this thesis regarding the designs, sampling and studied variables.
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Table 3.1. Basic characteristics of each study.
Study

Design

Sample size
Gender

Age
(months)

Dependent variables

Independent
Variables

Co-variables

1

Systematic review

N/A

N/A

Percentage of SB.

Sex, day of the week, childcare
time, time outdoors and
geographic location.

N/A

2

Systematic review

N/A

N/A

Correlates of SB.

N/A

N/A

3

Cross-sectional study

30 Boys
30 Girls

32.5 ± 4.5

Percentage of sedentary
and sitting time.

N/A

N/A

4

Cross-sectional study

138 Toddler boys
126 Toddler girls
190 Pre-school boys
153 Pre-school girls

Toddlers: 19.66 ± 4.16

Sedentary bouts and
levels.

Day type (childcare day; nonchildcare day, weekend).

Age, sex, z-BMI and SES.

Sedentary bouts and
levels.

Day type (childcare day; nonchildcare day, weekend).

Age, sex, z-BMI and SES.

5

Longitudinal study

78 Toddler boys
755 Toddler girls
35 Pre-school boys
39 Pre-school girls

Pre-schoolers: 50.72 ± 7.84
Toddlers Y1: 19.366 ± 4.131
Toddlers Y2: 31.621 ± 4.253
Pre-schoolers Y1: 45.654 ± 4.492
Pre-schoolers Y2: 57.464 ± 4.592

N/A: not applicable; SB – Sedentary behaviour; BMI – Body Mass Index; SES – Socio-economic Status.

Methods
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3.2 Sedentary/sitting time

ActivPAL
The activPaL (PAL technologies ltd. Glasgow, UK) is a small (53 x 35 x 7mm) and
lightweight (15g) device that is placed on the front of the upper thigh (using a small
Hypo-allergenic adhesive gel patch, and covered with a transparent sticky film to
secure it) that measures different postures (i.e. sitting, standing). Concurrent and
criterion validity (with direct observation) of the activPAL for sitting time measures,
have been established for pre-schoolers.5-7 To calculate the percentage of time spent
sitting, the activPAL software v7.2.37 for windows and a processing Excel macro were
used. This device was used on study 3, with sample from the Get-Up study.
ActiGraph
Levels of SB over a usual week were measured using ActiGraph GT3X+
accelerometers (ActiGraph. Pensacola, Florida, USA). ActiGraphs are small, light and
unobtrusive devices worn on a belt around the waist. These accelerometers have
established validity and utility in toddlers and pre-schoolers.8,9 These devices can
collect very high frequency raw data (30 Hz), which was reintegrated and analysed at
15sec epochs. Different cut-off points can be used to distinguish SB from LPA. Cutoff points were selected accordingly to the aim of each study. Wear time criteria and
validation procedures also varied according to each study. To calculate the percentage
of sedentary time, the Actilife Data Analysis software (v6.12.1 for windows) was used.
The ActiGraph GT3X+ was used on studies 4 and 5 with samples from the Get-Up,
and the PATH-ABC study.
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3.3 Body mass index

Bodyweight and height were measured according to standard procedures in both
studies.10 Body mass index (BMI) and BMI Z-scores were calculated.

3.4 Socio-economic status

Family socio-economic status (SES) was assessed by the postcode of the family
address using the Australian Socio-economic Indexes for Areas 2011 (SEIFA-Index
of Relative Socio-Economic Disadvantage).11 SEIFA is developed by the Australian
Bureau of Statistics, to rank geographical areas in Australia according to relative socioeconomic advantage and disadvantage.12 All childcares were categorized as a low
(deciles 1–4), medium (deciles 5–7) or high socio-economic area (deciles 8–10) based
on the suburb of their area of residence.

3.5 Statistical analysis

Different statistical analyses were performed to address the specific aims of each of
the studies presented in this thesis (Table 3.2). Statistical analyses were performed
using Meta-Analyst software (version beta 3.13),13 IBM SPSS software (Version 25.0,
IBM, USA) and SAS (version 9.3 SAS Inc.). Statistical significance was set at p<0.05.
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Table 3.2. Statistical analysis used in each study.
Analyses
Meta-analysis
Semi-quantitative analysis
Bland-Altman plots
Kolmogov-Smirnov tests
Equivalence test
z-scores
Linear mixed models
Bonferroni adjustments
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Prevalence of objectively-measured sedentary behaviour in early years: systematic review
and meta-analysis

4.1. Abstract

Background: The early years have been identified as a critical period during which
sedentary habits may be established, as this behaviour appears to track throughout life.
The purpose of this systematic review and meta-analysis is to summarise the current
literature on the prevalence of sedentary behaviour in children aged 1 to 5.9 years,
reporting differences between boys and girls, weekdays and weekend days, childcare
hours and non-childcare hours, and between time spent indoors and outdoors while
children attended childcare.
Methods: Five databases were searched until 26.10.2017 and meta-analyses were
conducted to estimate prevalence and calculate mean differences in prevalence
between groups.
Results: Fifty studies representing 14,598 children (2 to 5.9 y) were included. Children
spent 51.4% of their waking time in sedentary behaviours. Boys spent less time being
sedentary than girls (estimate difference=-1.4%;95%CI=-2.0:-0.7;p<0.001). No
significant differences were found between weekdays/weekend days (estimate
difference=-0.4;95%CI=-2.0:1.2;p=0.61) nor between childcare hours/non-childcare
hours (estimate difference=%;95%CI=-0.9:6.6;p=0.136). While attending childcare
centres,

children

were

more

sedentary

indoors

than

outdoors

(estimate

difference=14.4%;95%CI=11.8:16.9;p<0.001).
Conclusions: Our results suggest that young children spend a significant portion of
their waking hours in sedentary behaviours. While at childcare, young children
accumulated more sedentary behaviour indoors than outdoors. Girls were more likely
to be more sedentary than boys. No significant differences were found between
weekdays and weekends, or between childcare and non-childcare hours. There is a
need for higher-quality studies with strong designs, using age and device appropriate
cut-off points, to improve evidence-base and to better establish prevalence of sedentary
behaviour in young children.
Keywords: Sitting time, accelerometer, toddlers, pre-schoolers.
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4.2. Introduction

The amount of time people spend in sedentary activities has become a public health
concern due to evidence on the associated health consequences.1-5 Sedentary behaviour
(SB) is defined as any waking behaviour, characterized by an energy expenditure ≤
1.5 metabolic equivalents (METs), while in a sitting, reclining or lying posture.6 The
early years (≤ 5.9 years of age) have been identified as a critical period during which
SB habits may be established, and this appears to track from childhood to
adolescence7,8 and from adolescence to adulthood.8,9 Although the evidence on the
impact of SB on health and developmental outcomes in children is less consistent than
in adults,10 more time spent in moderate- to vigorous-intensity physical activity
(MVPA) is associated with better cardiometabolic risk factors, in children and
adolescence, regardless of the time spent in SB.11 Nevertheless, recent reviews
targeting young children indicate that the adverse effects of excessive sitting time may
include higher levels of adiposity, poor psychological health and lower cognitive
development.4,5
Most of the studies assessing levels of SB and health-related outcomes in
young children focused on screen-based forms of SB such as TV viewing and time
engaged with electronic devices.5,12 Even though these are common SBs among young
children, they do not necessarily represent the total amount of time children spend in
SB throughout the day. This has been identified as a major gap in the literature.12
Advances in understanding sitting time or SB are, in large part, due to advances
in activity monitor technology13 which address several of the limitations associated
with self-report or screen-based measures.14 Accelerometer-based activity monitors
that collect time-stamped posture and activity information are becoming increasingly
affordable15 and have demonstrated adequate validity and reliability in young
children.16-29 Because data from these devices are time-stamped, they allow the
objective quantification of overall levels and patterns (indoors vs outdoors; weekdays
vs weekends) of SB, when combined with additional contextual information.
Understanding the prevalence of objectively measured SB will allow
researchers, practitioners and parents to accurately know how much time young
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children spend in this behaviour during the day, and provide information indicating
when and where SB interventions should be targeted (e.g., on weekdays during preschool hours or on weekends at home). Previous systematic reviews have been
published addressing the prevalence of SB in young children.12,30,31 However, none of
these reviews covered whole early childhood years (<5.9 years) or compared
differences in the time spent in SB between girls and boys, between weekdays and
weekends, nor between childcare hours and non-childcare hours. The reviews of
Downing et al.12 and Rey-Lopez et al.31 only included studies that used screen time
activities to capture SB. Hnatiuk et al.30 review only included 2-5 years old children
and captured studies with several different objective measures of SB. However, in that
review the combination of several methodologies (direct observation and
accelerometry) may have been the source of substantial variability in the reported
results (proportion of sedentary time varied from 34-94%).
This systematic review summarises and meta-analyses studies on the
prevalence of objectively-measured SB reporting differences between boys and girls,
between weekdays and weekend days, between childcare and non-childcare hours, and
between time spent indoors and outdoors while children attend childcare centres, in
children aged 1 to 5.9 years.

4.3 Methods

This review was registered with PROSPERO (registration no. CRD42016051959) and
is aligned with the PRISMA Statement for systematic reviews. 32
Inclusion criteria
The review sought to identify all studies that reported the prevalence of objectivelymeasured SB in toddlers and pre-schoolers (aged 1 to 5.9 years). Scientific peer
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reviewed published papers written in English, Portuguese, French, Spanish, German,
Chinese and Dutch were considered for this review. All study designs were considered,
where studies had the potential to describe the prevalence of SB in young children. For
longitudinal studies, the age criteria applied to first measurement within the age range
defined. In the case of intervention and longitudinal studies, only baseline data were
considered. Studies were eligible only if (i) SB was objectively measured with an
activity monitor (such as Actigraph, activPAL, Actiheart, Actical, or other), and (ii)
the sample was comprised of apparently healthy young children who could walk
independently and who do not attend formal primary/elementary school.
Exclusion criteria
As studies with less than 30 participants are not likely to be representative of the
population nor to have enough power to conduct robust statistical technics, these
studies were excluded from the analysis.30,33
Search strategy
Using a comprehensive search strategy developed by three reviewers (JP, DC, RS),
five electronic databases (MEDline, CINAHL Complete, PsycINFO, SportDiscus,
Scopus) were searched up to October 26th, 2017 (implemented by JP). No restriction
was applied in relation to the search beginning date. Search terms detailed description
are available in online resource 1. Each reviewer’s bibliographic library was also
assessed for possible inclusion of additional studies (eight studies were added).
All the retrieved papers were exported to reference manager software (Endnote
7, Thomson Reuters) and duplicates were automatically removed. All titles and
abstracts of potentially relevant papers were screened by two reviewers (JP and ES).
Any discrepancies were discussed until authors reached an agreement. Full text copies
were acquired for all papers that met title and abstract screening. Full text screening
was examined according to the selection criteria. Two reviewers (JP and ES)
performed the full text screening. Again, any discrepancies were discussed until the
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authors reached an agreement, and two other reviewers (DC and RS) were consulted
where required.
When more than one paper reported data on the same sample (MAGIC,34
FLANDERS,35 CHAMPS,36 PANDA,37 IDEFICS,38 HAPPY,39 and LEAPP40), the
study with the larger sample size was included. Of the studies where the Southampton
Women’s survey sample was reported, the included paper was the one that reported
the overall levels of SB and the levels of SB by sex.41
Data extraction
Data extraction was performed by one reviewer (JP), and checked by two others (DC
and RS). Pre-established data extraction criteria were created with four items: i.
General information (authors name, year and country of the study); ii. Sample
characteristics (size, age and sex); iii. SB measures (activity monitor, cut-off points,
epoch, and wear time criteria used), and; iv. SB levels.
Risk of bias
Two reviewers (JP and ZZ) independently assessed the risk of bias of the studies
meeting the inclusion criteria. Prior to assessments, reviewers demonstrated >95%
agreement with criterion assessments conducted on 12 randomly selected studies (48
items). Risk of bias was assessed as follows:
1.

Was the sample randomly selected (i.e., either participants or clusters

such as schools) to be representative of the population?
2.

Did an adequate percentage (≥ 70%) of participants have complete

3.

Were participants with missing data who were excluded from analyses

data?
not different to those included in analyses on key variables (i.e., age, sex, socioeconomic status, cultural background, weight status)?
4.

Did the study use valid methods to measure SB or did the activity

monitor and cut-point for SB have established validity in toddlers? Valid cut-points
for hip mounted ActiGraph were considered as followings: ≤ 25 to ≤ 48c/15s; or in
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pre-schoolers: hip mounted ActiGraph (vertical axis): ≤ 25 to ≤ 37c/15s; hip mounted
ActiGraph (vector magnitude): ≤ 820 cpm; wrist mounted Actigraph (vertical axis) ≤
89 to ≤ 178 c/5s; wrist mounted Actigraph (vector magnitude): ≤ 221 to ≤ 328 c/5s;
hip mounted Actiheart: ≤ 41 cpm and; hip mounted Actical: ≤ 6 to ≤ 11c/15s)?
In order to determine if cut-off points used were valid to characterize SB on
different devices, relevant studies on the topic were consulted, for Actigraph22-25,28
Actiheart25 or Actical.20,26,29 The activPAL is also a valid device to be used at young
ages.27 However, as activPAL is an accelerometer-based device that uses sensors
which are sensitive to both static and dynamic accelerations to measure the angle of
the device relative to the gravitational field, inferences can be made about the position
of the body,42 and then, no cut-off points are needed to characterize SB.
Risk of bias items were coded as present (“1”) or absent/unclear (“0”), and
studies were classified as having low risk of bias if they scored ≥3 out of the 4 items.
Most studies directly reported the percentage of time spent in SB34,35,37,39,43-66;
however, in some studies67-73 the percentage was calculated. When it was not possible
to calculate the percentage of time spent in SB for the whole sample, or for boys and
girls separately, data were requested from the papers’ authors.34,36-41,43,44,48,53,5658,62,63,69,71,73-84

The majority of authors replied to the request36-38,40,41,53,56,57,62,63,74-82,84

and, therefore, their data were also included in the meta-analyses.
Meta-analyses
Meta-analyses were conducted to estimate SB prevalence (i.e. percentage of the time
spent in SB) for all available data, as well as only for the studies reporting valid devices
and cut-off points. Subgroup meta-analysis was also performed to assess mean
differences in SB prevalence between boys and girls, weekdays and weekend days,
childcare hours and non-childcare hours, and between time spent indoors and outdoors
while children attended childcare.
Meta-Analyst software (version beta 3.13)85 was used to undertake metaanalyses. I2 was calculated to assess study heterogeneity. Low, moderate and high
heterogeneity was considered when I2 values were 25%, 50%, and 75%, respectively.86
The origins of heterogeneity, if present, were analysed according to the different
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methodological approach and sample characteristics. As heterogeneity was found to
be high among studies, we performed a random effect model with 95% CIs.87 This was
the case for the majority of the meta-analyses performed, except for the studies that
analysed the difference between percentages of SB indoors and outdoors (while
participants were at childcare), where heterogeneity was low (I2 = 0%) and therefore
fixed effects models were performed. Results are presented as forest plots.
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4.4. Results

From the 2649 studies identified, 50 remained and were included in the present
systematic review (Figure 4.1), for qualitative syntheses, and 47 were included for
quantitative synthesis (meta-analysis).

Figure 4.1. Flow diagram of the literature search and selection process.
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Table 4.1. Characteristics of the included studies.
Participants

Sedentary behaviour assessment

Country

Total sample
size (%boys)

Age
(mean ± SD)

Device

Cut-points / Epoch

Non-wear time criteria

Wear time
Criteria

Fisher et al.
(2005)34

Scotland

394 (53%)

3.6 – 5 y
NR

CSA WAM 7164

< 1100 / 60s

NR

At least 3 days with
at least 9h

Kelly et al.
(2007)83
Cliff et al.
(2009)37
Vale et al.
(2010)74

Scotland

339 (NR)

ActiGraph

< 1100 / 60s

Visually inspected

Australia

46 (54%)

ActiGraph 7164

< 1100 / 60s

20 min of consecutive zeros

Portugal

245 (57%)

3–4y
(4.2 ± 0.5 y)
NR
(4.3 ± 0.7 y)
NR
(5.2 ± 0.8 y)

ActiGraph GTM1

< 1100 / 60s

10 min of consecutive zeros

Byun et al.
(2011)36
Ruiz et al.
(2011)43
Alhassan et al.
(2012)44

USA

331 (51%)

ActiGraph 7164

< 37.5 / 15s

60 min of consecutive zeros

USA

106 (48%)

ActiGraph GTM1

< 420 / 60s

10 min of consecutive zeros

USA

43 (51%)

ActiGraph GTM1

10 min of consecutive zeros

Raustorp et al.
(2012)45

Sweden & USA

50 (52%)

3.3 – 5.6 y
(4.3 ± 0.36 y)

ActiGraph GTM1

Spittaels et al.
(2012)35

Belgium

207 (55%)

3–6y
(NR)

ActiGraph 7164 /
GTM1

≤ 301 / 15s (3y)
≤ 363 / 15s (4y)
≤ 398 / 15s (5y)
≤ 301 / 15s (3y)
≤ 363 / 15s (4y)
≤ 398 / 15s (5y)
< 25 / 15s

At least 3 days with
at least 6h
At least 3 days with
at least 6h
At least 4 days (1
weekend day) with
at least 10h
At least 10 days
with 5h
At least 1 day with
at least 4h
At least 4 weekdays
with at least 9h

Van Cauwenberghe et al.
(2012)64
Shen et al.
(2012)67
Sugiyama et al.
(2012)46

Belgium

128 (54%)

ActiGraph GT1M

≤ 372 / 60s

NR

USA

158 (53%)

RT-3

≤ 1.4 MET / 60s

NR

Australia

89 (54%)

NR
(5.1 ± 0.6 y)
3–4y
(NR)
NR
(4.1 ± 0.6 y)

ActiGraph GT1M

NR

England

398 (51%)

Actiheart

100 min of consecutive zeros

USA

357 (51%)

4y
(NR)
3–5y
(NR)

≤ 301 / 15s (3y)
≤ 363 / 15s (4y)
≤ 398 / 15s (5y)
< 150 /60s
≤ 200 / 15s

NR

Collings et al.
(2013)41
España-Romero et al.
(2013)75

3–5y
(4.3 ± 0.7 y)
NR
(4.2 ± 0.9 y)
2.9 – 5 y
(4.5 ± 0.6 y)

ActiGraph GTM1 /
GT3X

NR

60 min of consecutive zeros

At least 5 weekdays /
minimum number of
hours was NR
At least 3 days (1
weekend day) with
at least 10h weekday
and 8h weekend day
At least 1 day with
at least 8h
At least 2 days with
at least 1h
(During 3 days
while attending
childcare centre)
At least 1 weekday
with at least 10h
At least 2 days with
at least 6 h
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Authors
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347 (52%)

2y
(2.1 ± 0.1 y)

ActiGraph 7164

≤ 301 / 15s

10 min of consecutive zeros

Alhassan et al.
(2013)48

USA

38 (59%)

NR
(3.9 ± 0.9 y)

ActiGraph GTM1

NR

Bielemann et al.
(2013)76

Brazil

59 (NR)

4–5y
(NR)

ActiGraph GT1M

≤ 301 / 15s (3y)
≤ 363 / 15s (4y)
≤ 398 / 15s (5y)
≤ 100 / 60s

10 min of consecutive zeros

At least 3 days (1
weekend day) with
at least 10h

Byun et al.
(2013)68
(EDPAPC study)
Ruiz et al.
(2013)49

USA

EDPAPC:
155 (51%)

EDPAPC: NR
(4.0 ± 0.7 y)

ActiGraph 7164

< 37.5 / 15s

60 min of consecutive zeros

USA

45 (44%)

NR
(4.3 y ± NR)

ActiGraph GT3X+

< 37.5 / 15s

Annesi el al.
(2013)50
Davison et al.
(2013)69
Delaney et al.
(2014)51
Williams et al.
(2014)77

USA

885 (49%)

ActiGraph GT3X

≤ 1.4 MET / 15s

USA

57 (NR)

ActiGraph

< 37.5 / 15s

NR

USA

144 (NR)

ActiGraph GTM1

≤ 25 / 10s

30 min of consecutive zeros

New Zealand

216 (56%)

NR
(4.4 ± 0.5 y)
2–5
(3.5 y ± NR)
NR
(4.0 ± 0.6 y)
3y
(NR)

1) Zero-count threshold during a
non-wear time interval, 2) 90min
time window for consecutive
zero/nonzero counts and 3)
allowance of 2 min interval of
nonzero counts with up/down
stream 30-min consecutive zero
counts window for detection of
artifactual movements
NR

NR (average number
of days / h: 7.5 days
/ 7.6h)
At least 4 days (1
weekend day) with
at least 20h

Actical

≤ 47 / 60s

20 min of consecutive zeros

Vanderloo and Tucker
(2015)52

Canada

40 (45%)

1.5 – 2.4 y
(2.1 ± 0.5 y)

Actical

≤ 114 / 15s

20 min of consecutive zeros

Sijtsma et al.
(2015)53

Holland

299 (53%)

NR
(3.7 ± 0.6 y)

TracmorD

≤ 1999 / 60s

NR

At least 3 days (1
weekend day) with
at least 4.40h

Johansson et al.
(2015)70

Sweden

123 (50%)

NR
(2.03 ± 0.1 y)

≤ 89 / 5s

NR

At least 4 days (1
weekend day) with
at least 4h

III

IV
V
VI
VII
IX

At least 1 day with
at least 4.45h
At least 4 days with
at least 10h
At least 5 days with
at least 3h
At least 5 days (2
weekend days) with
at least 23h
At least 4 days (1
weekend day) with
at least 8h

VIII

ActiGraph GT3X+

II

w

At least 2 days (1
weekend day) with
at least 6.40h
At least 4 weekdays
with at least 9h

I

Holland

Chapter
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Wijtzes et al.
(2013)47

Japan

105 (49%)

3–5y
(NR)

Lifecorder

< 1.5 METs / 120s

20 min of consecutive zeros

Senso et al.
(2015)71

USA

47 (NR)

2–4y
(NR)

ActiGraph GT3X

≤ 25 / 15s

Herrmann et al.
(2015)38

Europe
(Sweden
Germany,
Hungary, Italy,
Cyprus, Spain,
Belgium &
Estonia)
Canada

1512 (53%)

NR
(4.4 ± 1.5 y)

Actitrainer or GT1M

< 100 / 60s

60 min of consecutive zerocounts, allowing for an
interruption interval of 2
consecutive minutes of 100
counts or less
20 min of consecutive zeros

1.6 – 5 y
(3.3 ± 0.2 y)

Actical

< 100 / 60s

20 min of consecutive zeros

At least 1 day with
at least 3h

Australia

Toddlers
36 (50%)
Pre-schoolers
50 (50%)
177 (57%)

ActiGraph GT1M

< 25 / 15s

20 min of consecutive zeros

Canada

216 (47%)

Actical

< 50 / 15s

20 min of consecutive zeros

Canada

566: 3 – 4y
(50%)

3–5y
(4.2 y ± NR)
NR
(4.2 ± 1.0 y)
3–5y
(NR)

Actical

< 25 / 15s

< 100 / 60s

240 intervals of 15s of 0 counts,
with allowance for 30 s of
counts between 0 – 25.
60 min of consecutive zeros,
with allowance for 2 min of
counts between 0 and 100

At least 3 days with
at least 6 h
At least 3 days with
least 5h
At least 3 days with
at least 5h

≤ 8 / 3s

60 min of consecutive zeros

< 100 / 60s

NR

< 25 / 15s

20 min of consecutive zeros

Carson et al.
(2015)54

Carson et al.
(2016)39
Tucker et al.
(2016)40
Garriguet et al.
(2016)55

Caldwell et al.
(2016)56
LaRowe al.
(2016)57

Canada

299: 5 y
(48%)
400 (NR)

USA

231 (NR)

Leeger-Aschmann et al.
(2016)84

Switzerland

394 (54%)

Year 1: NR
(4.5 ± 0.9 y)
2–5y
(NR)

ActiGraph GT3XE
and GT3X+
Actical

NR
(3.9 ± 0.7 y)

ActiGraph wGT3XBT

At least 3 days (1
weekend day) with
at least 10h
At least 4 days with
at least 6h

At least 3 days (1
weekend day) with
at least 6h

At least 3 days with
at least 10h
At least 1 day /
minimum number of
hours was NR
At least 3 days (1
weekend day) with
at least 10 h
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Ishii et al.
(2015)78
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< 820 / 60s VM

USA

544 (NR)

3–5y
(NR)

ActiGraph GT1M

< 25 / 15s

NR

Tandon et al.
(2017)65
Schlechter et al.
(2017)59

USA

388 (49%)

Actical

≤ 11 / 15

30 min of consecutive zeros

USA

73 (47%)

NR
(4.3 ± 0.7 y)
NR
(4.4 ± 0.9 y)

ActiGraph GT1M

≤ 373 / 15s

20 min of consecutive zeros

Ellis et al.
(2017)60

Australia

NA**

NR

Canada

1 – 2.9
(2.2 ± 0.5 y)
3.0-5.9
(4.1 ± 0.6 y)
3–5y
(NR)

ActivPAL

Adamo et al.
(2017)81

Toddlers
71 (NR%)
Pre-schoolers
230 (NR)
176 (51%)

Actical

≤ 25 / 15s

Andersen et al.
(2017)66

Norway

130 (43%)

NR
(3.7 ± 0.4 y)

ActiGraph GT1M and
GT3X+

< 239 / 15s VM

Berglind and Tynelius
(2017)72

Sweden

899 (55%)

4
(NR)

ActiGraph GT3X+

< 820 / 60s VM

Carson et al.
(2017)73
Ward et al.
(2017)61
Møller et al.
(2017)62

Canada

100 (47%)

(3.6 ± 0.8 y)

< 25 / 15s

Canada

624 (NR)

< 25 / 15s

NR

Denmark

231 (51%)

NR
(4.0 ± 0.7 y)
3y
(3.0 ± 0.1)

ActiGraph
wGT3X+BT
Actical

240 intervals of 15s of 0 counts,
with allowance for 30 s of
counts between 0 – 25.
60 min of consecutive zeros
(with allowance for two
exceptions above zero)
60 min of consecutive zeros
(with allowance for two
exceptions above zero)
20 min of consecutive zeros

ActiGraph GT3X

< 16.7 / 10s

20 min of consecutive zeros

At least 4 days (1
weekend day) with
at least 16.40h
(during 3 days
while attending
childcare centre)
At least 1 day with
at least 23.30h
(during 2 days while
attending childcare
centre)
At least 1 day at
childcare centre with
at least 3h
At least 3 days with
at least 5h.
At least 2 days with
at least 6h.
At least 6 days with
at least 12h
At least 4 days with
at least 6h
At least 4 days /
with at least 2h
At least 4 days with
at least 8h

IX

Actigraph wGT3X+

VIII

NR
(4.6 ± 0.9 y)

VII

111 (52%)

At least 3 days with
at least 10h

VI

Erinosho et al.
(2016)80

Non-wear time was determined
using the raw acceleration data.
The standard deviation of each
axis was calculated over 30-min
moving window. If the standard
deviation of acceleration of any
two axes was less than 0.002g
for the same window, that period
was marked as non-wear time
20 min of consecutive zeros plus
visual inspection

V

USA

< 305 (VM) / 5s

BT)

IV

wActiGraph-wGT3x-

III

NR
(4.5 ± 0.2 y)

II

Butte et al.
(2016)58

307 (55%)

I

Sweden

Chapter
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Leppänen et al.
(2016)79

USA

451 (48%)

1 – 2.3 y
(3.3 ± 0.6 y)

ActiGraph GT3X or
GT3X+

< 25 / 15s

90 min of consecutive zeros
(except all owed intervals of up
2 min))

At least 4 days (1
weekend day) with
at least 6h

Barkin et al.
(2017)63
(Vanderbilt sample)

USA

552 (48%)

NR
(4.3 ± 0.9 y)

ActiGraph GT3X or
GT3X+

< 25 / 15 s

90 min of consecutive zeros
(except all owed intervals of up
2 min))

At least 4 days (1
weekend day) with
at least 6h

Santos et al.
(2017)82

Australia

284 (53%)

N.R.
(1.8 ± 0.3 y)

ActiGraph GT3X+

< 25 / 15

Visually inspected

At least 1 day with
24h
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Barkin et al.
(2017)63
(Minesota sample)
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All 50 included studies were published between 2005 and 2017, representing 14,598
children, aged 2 to 5.9 years. Sample sizes ranged from 40 to 1,512 participants. Most
studies (n = 42)34-41,43-46,48-51,53,55,56,58,59,61-68,71-81,83,84 reported SB only in pre-schoolers;
four studies included only toddlers,47,52,70,82 and four studies included both toddlers and
pre-schoolers.56,57,60,69 The characteristics of the included studies in this systematic
review are depicted in Table 4.1.
Of the total studies, 18 were conducted in the USA36,43,44,48-51,57-59,63,65,6769,71,75,76,80

, eight in Canada,40,52,54-56,61,73,81 five in Australia,37,39,46,60,82 three in

Sweden,70,72,79 and two each in Scotland,34,83 Belgium,35,64 and Holland.47,53 Only one
study was conducted in each of Portugal,74 New Zealand,77 Switzerland,84 England,41
Norway,66 Denmark, 62 Japan,78 and Brazil.68 Two studies reported data from children
living in different countries. One of these38 combined samples from USA and Sweden,
and the other45 combined samples from several countries in Europe (Sweden,
Germany, Hungry, Italy, Cyprus, Spain, Belgium and Estonia).
The majority of the studies (n = 34) studies assessed SB with Actigraph3437,39,43-51,56,58,59,62-64,66,68-76,79,80,82-84

; seven studies used Actical40,52,54,55,57,61,65,77,81; one

study combined two devices (Actigraph and Actitrainer)38; RT-3,67 TracmorD,53
Lifecoder,78 Actiheart,41 and activPAL,60 were used in one study each. In two studies
the accelerometers were used on the wrist,70,79 while all other studies used the device
on the waist, or, for the activPAL, on the thigh.60
Detailed results of the risk of bias assessment are presented in Table 4.2. Of
the 50 studies included, 10 (20%) had low risk of bias (≥3/4).35,36,49,58,63,65,72,76,81,84
Forty studies did not report the “key missing values”34,35,37,38,40,41,43-48,50-57,59,61,62,64-67,6975,77-81,84

. Many studies (22 out of 50)34,37,40,43-45,47,48,53-57,59,61,64,66,67,74,75,77,83 did not use

specific age and device cut-off points that had established validity in young children.
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Table 4.2. Risk of bias assessment for the retrieved papers.
Study

1. Sample
randomly selected:

2. Missing
data:

3. Missing key
variables:

4. Valid
Methodology:

0
0
1
1
0
1
0
0
1
0
0
1
0
0
0
0
1
0
0
1
0
0
1
1
0
0
0
0
0
0
1
0
1
0
0
1
0
0
0
1
0
0
1
1
1
0
0
1
0
0
17

1
0
0
0
1
1
0
1
1
1
1
1
0
0
1
1
0
0
1
0
0
0
1
0
0
0
1
0
0
0
1
1
0
1
1
1
1
1
0
1
0
0
1
1
1
1
1
0
1
0
27

0
1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1
1
1
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1
0
0
0
1
0
0
0
0
0
0
1
1
10

0
0
0
0
1
0
0
0
1
0
1
0
1
0
0
0
1
1
1
1
1
1
0
1
0
1
1
1
1
0
1
0
0
0
0
1
1
1
1
1
0
1
1
0
1
1
0
1
1
1
28

Fisher et al.(2005) 34
Kelly et al. (2007) 83
Cliff et al. (2009) 37
Vale et al. (2010) 74
Byun et al. (2011)36
Ruiz et al. (2011)43
Alhassan et al. (2012)44
Raustorp et al. (2012)45
Spittaels et al. (2012)35
Van Cauwenberghe et al. (2012)64
Shen et al. (2012)67
Sugiyama et al. (2012)46
Collings et al. (2013)41
España-Romero et al. (2013)75
Wijtzes et al. (2013)47
Alhassan et al. (2013)48
Bielemann et al. (2013)76
Byun et al. (2013)68
Ruiz et al. (2013)49
Annesi el al. (2013)50
Davison et al. (2013)69
Delaney et al. (2014)51
Williams et al. (2014)77
Vanderloo and Tucker (2015)52
Sijtsma et al. (2015)53
Johansson et al. (2015)70
Ishii et al. (2015)78
Senso et al. (2015)71
Herrmann et al. (2015)38
Carson et al. (2015)54
Carson et al. (2016)39
Tucker et al. (2016)40
Garriguet et al. (2016)55
Caldwell et al. (2016)56
LaRowe et al. (2016)57
Leeger-Aschmann et al. (2016)84
Leppänen et al. (2016)79
Butte et al. (2016)58
Erinosho et al. (2016)80
Tandon et al. (2017)65
Schlechter et al. (2017)59
Ellis et al. (2017)60
Adamo et al. (2017)81
Andersen et al. (2017)66
Berglind and Tynelius (2017)72
Carson et al. (2017)73
Ward et al. (2017)61
Møller et al. (2017)62
Barkin et al. (2017)63
Santos et al. (2017)82
TOTAL

Score:

1/4
1/4
1/4
1/4
3/4
2/4
0/4
1/4
3/4
1/4
2/4
2/4
1/4
0/4
1/4
1/4
3/4
2/4
3/4
2/4
1/4
1/4
2/4
2/4
0/4
1/4
2/4
1/4
1/4
0/4
4/4
1/4
1/4
1/4
1/4
3/4
2/4
3/4
1/4
3/4
0/4
2/4
3/4
2/4
3/4
2/4
1/4
2/4
3/4
2/4

1: Low risk of bias; 0: High risk of bias.
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Two studies were not included in the meta-analyses, as these studies did not report the
measures of dispersion (i.e. standard errors, standard deviations or 95% CIs).65,66 Kelly
et al.83 was also not included in the meta-analysis because median values were reported
(Table 4.3 and 4.4).

Table 4.3. Percentage of time spent in sedentary behaviour.
Study

Sedentary weekly
patterns
(mean ± SD)
Weekdays Weekends

Fisher et al. (2005)34
Kelly et al. (2007)83
Cliff et al. (2009)37
Vale et al. (2010)74
Byun et al. (2011)36
Ruiz et al. (2011)43
Alhassan et al. (2012)44
Spittaels et al. (2012)35
Collings et al. (2013)41
España-Romero et al. (2013)75
Wijtzes et al. (2013)47
Alhassan et al. (2013)48
Bielemann et al. (2013)76
Ruiz et al. (2013)49
Davison et al. (2013)69
Williams et al. (2014)77
Vanderloo and Tucker (2015)52
Sijtsma et al. (2015)53
Johansson et al. (2015)70
Ishii et al. (2015)78
Senso, et al. (2015)71
Herrmann et al. (2015)38
Carson et al. (2016)39
Garriguet et al. (2016)55
3-4
5
Caldwell et al. (2016)56
Leeger-Aschmann et al. (2016)84
Leppänen et al. (2016)79
Butte et al. (2016)58
Adamo et al. (2017)81
Berglind and Tynelius (2017)72
Carson et al. (2017)73
Møller et al. (2017)62
Barkin et al. (2017)63
(Minesota)
(Tennessee)
Santos et al. (2017)82

77.0 ± 7.3

85.6 ± 5.7

43.1 ± 9.0

53.6 ± 7.6
53.2 ± 8.0

Boys

Girls

All

*79.4
(69.0, 87.3)
81.8 ± 6.7

*81.6
(66.7, 90.2)
83.2 ± 3.5

76.3 ± 6.8
*80.5
(66.7, 90.2)
82.5 ± 5.4

54.0 ± 6.6

55.3 ± 6.3

51.0 ± 7.0
38.7 ± 9.4
54.2 ± 6.7

51.0 ± 6.0
39.8 ± 8.2
56.2 ± 7.3

93.3 ± 25.4
51.5 ± 3.9

82.8 ± 38.4
53.3 ± 5.2

14.1 ± 3.6
62.1 ± 6.4
46.0 ± 8.4
55.8 ± 5.8
38.3 ± 6.9

14.4 ± 4.1
62.1 ± 6.9
48.4 ± 7.8
54.8 ± 6.3
39.6 ± 7.7

35.0 ± 8.8

39.0 ± 9.1

60.5 ± 19.4
61.2 ± 12.9
62.9 ± 4.9
47.9 ± 6.2
56.9 ± 4.8

60.1 ± 14.2
61.9 ± 16.5
66.3 ± 4.5
49.6 ± 6.2
57.1 ± 4.6

58.2 ± 5.4
43.9 ± 8.9

58.5 ± 5.2
46.0 ± 10.1

53.5 ± 5.1

54.7 ± 5.9

60.6 ± 18.5
61.6 ± 16.7
64.5 ± 5.0
48.7 + 6.2
57.0 ± 4.7
45.6 ± 7.9
58.3 ± 5.3
43.9 ± 7.2
48.6 ± 6.1
54.1 ± 5.6

48.2 ± 6.9

53.6 ±7.1
53.0 ± 7.6
46.9 ± 8.0

77.9 ± 8.7
54.6 ± 6.5
69.8 ± 18.5
76.2 ± 5.5
51.0 ± 7.0
39.2 ± 8.8
55.2 ± 7.1

84.5 ± 5.9

45.9 ± 9.0

53.4 ± 8.9
52.8 ± 9.8

* Values are expressed as median (and interquartile range).
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Total sedentary time prevalence
(mean ± SD)

45.8 ± 8.7

77.7 ± 5.5
88.1 ± 32.6
52.5 ± 4.7
55.3 ± 6.5
14.2 ± 3.9
62.1 ± 6.6
47.1 ± 8.2
55.3 ± 6.0
38.9 ± 7.3
56.6 ± 21.3
38.0 ± 8.6
46.4 ± 6.7
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Table 4.4. Percentage of time spent in sedentary behaviour according to daily and
environmental patterns.
Study

Sedentary daily patterns
(mean ± SD)
Non-childcare

Alhassan et al. (2012)44
Raustorp et al. (2012)45
Cauwenberghe et al. (2012)64
Shen et al. (2012)67
Sugiyama et al. (2012)46
Alhassan et al. (2013)48
Byun et al. (2013)68
Annesi et al. (2013)50
Delaney et al. (2014)51
Carson et al. (2015)54
Toddlers
Pre-schoolers
Carson et al. (2016)39
Tucker et al. (2016)40]
LaRowe et al. (2016)57
Erinosho et al. (2016)80
Tandon et al. (2017)65
Schlechter et al. (2017)59
Ellis et al.
(2017)60
Toddlers
Pre-schoolers
Andersen et al. (2017)66
Ward et al. (2017)61
Møller et al. (2017)62
Boys
Girls

76.2 ± 8.6

48.6 ± 8.0

67.0 ± NR

Childcare
78.3 ± 4.5

Sedentary environmental
Patterns (mean ± SD)
Indoor

Outdoor

89.1 ± 3.2

75.2 ± 9.5

65.3 ± 14.7
93.4 ± 7.5
81.2 ± 17.2
77.4 ± 5.2
63.3 ± 7.5
59.1 ± 7.3
57.2 ± 7.7
63.1 ± 6.6
58.7 ± 12.7
47.8 ± 12.0
67.3 ± 6.6
60.5 ± 11.6
63.4 ± 3.7
60.0 ± NR
69.5 ± 12.4

66.8 ± 16.8

81.9 ± 19.1

65.0 ± 20.6

40.3 ± 11.8
50.6 ± 21.2
54 ± NR
63.9 ± 12.3
55.5 ± 6.7
55.0 ± 8.1

47.9 ± 7.9
51.2 ± 9.3

NR: Not reported
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Meta-analysis including all available data (Figure 4.2) showed that, on average, young
children spent 55.4% (95% CI: 50.4 to 60.5) of their waking time in SB. When the
meta-analysis was restricted to include only the studies reporting valid devices and
cut-points, the mean value was 51.4% (95% CI: 48.4 to 54.4).

Figure 4.2. Meta-analyses of the percentage of time spent in sedentary behaviour.
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When the studies were sorted by continent (Figure 4.3), prevalence of total SB seemed
to be higher in North America (59.1%; 95%CI: 55.9 to 62.4) than in Europe (51.1%;
95% CI: 43.5 to 58.7), or in Oceania (47.5%; 95% CI: 22.2 to 73.7).

Figure 4.3. Meta-analyses of the percentage of time spent in sedentary behaviour
sorted by continent.
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Results of the meta-analyses assessing differences between boys and girls (Figure 4.4)
showed a significant difference (p < 0.001); with boys spending less time in SB
(52.9%; 95%CI: 46.5 to 59.2%) than girls (53.5%; 95%CI: 47.3 to 59.7%).

Figure 4.4. Meta-analyses of the prevalence of sedentary behaviour in boys and
girls.
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Four studies reported differences between weekdays and weekend days47,63,72,74
(Figure 4.5), and one of these63 had data from two different samples (Table 4.1). No
significant differences (p = 0.610) were found between weekend days (62.9%; 95%CI:
46.9 to 78.8%) and weekdays (62.5%; 95%CI: 46.1 to 78.9%).

Figure 4.5. Meta-analyses of the percentage of time spent in sedentary behaviours
on weekend days and weekdays.
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childcare

hours

was

reported

by

17

studies39,40,44,46,48,50,51,54,57,59-62,64-68,80 (Figure 4.6). The percentage of time spent in SB
during childcare hours was 63.0% (95%CI: 59.0 to 66.9%); whilst the percentage of
time spent in SB during non-childcare hours was 58.7% (95%CI: 50.8 to 66.6) and it
was only reported by three studies.39,48,62 However, when we analysed data from the
three studies39,48,62 that compared SB during childcare and non-childcare hours, no
significant differences were noted (estimate difference: 2.9%; 95%CI: -0.9 to 6.6%; p
= 0.136).

Figure 4.6. Meta-analyses of the percentage of time spent in sedentary behaviour
during non-childcare and childcare hours.
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Time spent in SB while children were indoors and outdoors at childcare was reported
by two45,59 and three45,46,59 studies, respectively (Figure 4.7). Levels of SB were
significantly (p < 0.001) higher indoors (85.8%; 95%CI: 78.8 to 92.9) when compared
to outdoors (69.2%; 95%CI: 62.5 to 75.9).

P < 0.001

Figure 4.7. Meta-analyses of the percentage of time spent in sedentary behaviour
when outdoors and indoors at a childcare centre.
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4.5 Discussion

Young children spent 51.4 % of their waking time in SB, with boys spending slightly
less time in SB than girls. While attending childcare centres, children spent more time
in SB when they were indoors than outdoors. No differences were found between
weekend days and weekdays, or between childcare hours and non-childcare hours.
The systematic review conducted by Hnatiuk et al.30 determined that proportion
of time children engage in SB ranged from 34% to 94%. However, considerable
variation in prevalence estimates was potentially due to the inclusion of studies using
different methodologies to capture SB (accelerometry and direct observation). Unlike
Hantiuk et al.30 the present review included only studies that used objective devices
to assess SB, and meta-analyses were conducted to provide pooled estimates and to
show differences by moderating factors.
In a systematic review including toddlers, Downing et al.12 reported prevalence
SB levels to be between 36.6 to 330.9 min/day. However, that review, retrieved papers
using mostly parent-reported screen time and no meta-analysis was performed, which
makes it difficult to compare results. Indeed, evidence from previous reviews is based
on studies that examined mostly television viewing or screen based activities and,
therefore, not directly comparable to our study.
Our findings indicated that young girls tended to spend slightly more time in
SB than boys. Likewise, it has been previously reported that preschool boys tend to be
more active than girls.30 Together these results seem to be aligned with the idea of
composite whole, where the waking hours are limited, and the events/behaviours are
intrinsically co-dependent. Thus, when a child spends more time in SB, he/she will
consequently spend less time in physical activity due to the finite nature of time; that
is, waking hours are comprised by the time spent in physical activity and SB.
Therefore, time spent in these two behaviours is intrinsically co-dependent. In this
light, if girls spend more time in SB than boys, the time girls spent in physical activity
may be consequently lower than boys.88 This idea was previously mentioned by
Tremblay in 2007 when it was suggested that an appropriate balance between sleep,
physical activity and SB is needed for optimal health.89 In fact, higher levels of time
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in MVPA appear to be associated with better cardiometabolic risk factors,
independently of the time spent in SB among children and adolescents.11 Although,
the possible attenuating factor of MVPA in relation to SB has been described in older
children, but not in toddlers or pre-schoolers. In a preschool sample from Canada, no
associations were found between meeting individual or combined movement
behaviour guidelines (sleep, sedentary time, physical activity and screen time) and
adiposity.90 In Australian toddlers, the results were similar for BMI.82
No significant differences were found between percentage of SB during
weekend days or weekdays. However, it is important to note that there were only four
studies reporting weekly SB patterns, with two of them47,63 showing a higher
prevalence of SB on weekdays and the other two reporting the opposite.72,74 From these
four studies, only one reported data on toddlers.47 In this sample, toddlers from Holland
spent more time in SB during weekdays. In the other three studies only pre-schoolers
data was reported (from USA – Minnesota and Tennessee – 63 and Europe – Sweden72
and Portugal74). Interestingly, European pre-schoolers seemed to spend less time in SB
during weekdays than their peers in USA. Therefore, geographic location or cultural
differences may be the cuprite for the opposite results in individual studies, at least for
the preschool age group. Nevertheless, more studies comparing the prevalence of SB
during weekdays vs weekends are needed to better understand young children’s
weekly patterns and to inform future intervention studies.
Our results regarding the difference in SB during indoor and outdoor time at
childcare are in line with those reported by Grays et al.91 which included studies with
GPS (global position system), direct observation and subjective assessments of SB,
while children attended pre-school or school. In that systematic review the authors
showed that children aged 3-12 years tended to be more physically active and spend
less time in SB while they were outdoors. Our results also corroborate Tongue et al.92
findings. On that review correlates of SB in childcare centres were reported with
studies that used accelerometry or Observational System for Recording Activity in
Preschools (direct observation) to measure SB. Their results indicated that presence of
outdoor environments at childcare centres was positively associated with reduced total
SBs. Nevertheless, it is important to note that, one study59 included in our review, did
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not exclude the naps from the accelerometry data, which might overestimate the time
spent in SB, especially indoors.
Previous research has shown that older children (5-12y) spend 41-51% of their
after school/care time in SB and adolescents (12-18y) spend 57%.93 These estimates
are similar to the ones we found for young children during non-childcare hours
(58.7%).
According to the 17 studies reporting data during childcare hours, it seems that
children engaged more time in SB during childcare hours (64.1%), once, data available
on non-childcare hours (provided by 3 studies) indicated that only 58.7% of their time
is spent in SB. However, when we performed a meta-analysis with the studies that
compared the amount of time spent in SB during childcare hours and non-childcare
hours, we found no significant differences on the time spent in SB between childcare
hours and non-childcare hours. The explanation for this, could be the number of studies
reporting values on both patterns (childcare vs non-childcare hours) being small,
(n=3)39,48,62 compared to the number of studies reporting values only during child-care
hours (n = 17).39,40,44,46,48,50,51,54,57,59-62,64-68,80 In order to determine the true percentage
of time spent in SB in young children during childcare and non-childcare hours, more
studies assessing differences within the same children between childcare hours and
non-childcare hours are needed. This would allow researchers and stakeholders to
better understand if interventions to reduce this behaviour should be addressed to
childcare centres or to parents and caregivers.
Results from the meta-analyses showed heterogeneity among studies. This can
be partially explained by the different study designs and different methodological
decisions regarding accelerometry procedures. For example, Actical and Actigraph
accelerometers have both been calibrated using VO2 measures with structured
activities and cross-validated with unstructured activities.23,26 Both devices have been
shown to be reliable and appropriate to measure PA and SB in young children.
However, Actical accelerometers reported significantly higher levels of SB and lower
levels of MVPA and total PA. This suggests that both measurement approaches do not
equally capture young children’s PA and SB.94 Moreover, when different studies using
the same accelerometers but different cut-off points comparisons between datasets are
difficult, because different cut-off points provide different estimates of SB95 and PA.96
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Nevertheless, in our systematic review the heterogeneity between studies was slightly
reduced when the meta-analysis was restricted to studies that used objective measures
of SB with adequate validity. Indeed, it is known that methodological decisions can
bias the results in different ways. Preferably, validated devices or cut-off points and
standardised data reduction procedures to determine SB should be consistently used
across studies, however, when this does not happen, the total time children spend in
SB can be over or underestimated.97 Unfortunately, a considerable number of studies
included in this review (n = 22) did not use valid20,22-25,28,29 cut-off points and/or
devices.34,37,40,43-45,47,48,53-57,59,61,64,66,67,74,75,77,83 However, it is also important to note
that most validation studies for cut-points or devices are relatively recent, 20,22-25,27-29
and some of the papers included in this review were conducted prior to these validation
studies.
The site where the accelerometer is placed can add variability to the estimated
time spent in PA or SB. In the present review the majority of the included studies used
waisted mounted accelerometers. However, the inability of waist-mounted
accelerometers to accurately record the energy cost of static light-intensity activities
(and consequently overestimate SB) had been shown in older children.

96

This issue

might be also problematic in toddlers and pre-schoolers. Combining waist-mounted
accelerometry with other monitoring devices such as wrist-mounted accelerometry, or
thigh-mounted inclinometers, may be a viable solution to this problem.
Minimum wear time is also a critical data reduction issue, because it affects the
proportion of accelerometers files that can be included in the analyses. The
accelerometers wear-time criteria used by the different studies included in our
systematic review may also help explaining the heterogeneity between studies. The
studies included in this review used accelerometer wear time criteria ranging from one
hour67 to 24 hours82 of accelerometer wear time, over one day,41,43,50,54,57,60,64,65,82 two
days,47,59,66,67,75 three days,34,35,37-40,44,46,53,55,56,76,78-81,84 four days,48,49,52,61-63,69-71,73,74
five days,44,45,51,77 and six or more days,36,72,83 . As such, greater standardization across
studies is needed, not only on the minimum wear time criteria, but also on the
algorithms used to eliminate the non-wear time across studies.98 Indeed, when nonwear time is considered wear time, the data is likely to be processed as SB. Therefore,
an overestimation of this behaviour will occur. Recently, Bingham et al.99 presented a
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stepped approach that may guide future research in defining wear time criteria for
individual samples in order to have greater confidence that data sets are being used to
their full capacity.
A possible solution to tackle the difficulties of comparing objectively measured
SB across studies is the development of an equation allowing comparability between
different cut-off points for SB measured by accelerometry, similarly to the Rosetta
Stone equations100 for MVPA data derived from accelerometry, for preschool aged
children. Another way to address this issue could be through extending available
databases with pooled raw accelerometry data, such as the International Children´s
Accelerometry Database (ICAD),101 to include all relevant studies of toddlers and preschoolers.
To the best of our knowledge, this is the first systematic review focusing on the
levels and patterns of objectively measured SB in toddlers and pre-schoolers, with a
quantitative synthesis of the data via meta-analysis. This review, however, is not
without limitations. Some methodological issues might have limited our ability to
accurately interpret the prevalence of SB in young children. First, the majority of the
studies were classified as having a high risk of bias. Second, due to the limited
available research, all study designs and quality of evidence were eligible for inclusion
in this review; as a result, it was not possible to review only the highest quality of
evidence, once 80% of the included studies had high risk of bias, a factor that may
have affected the overall strength of our findings. Finally, our systematic review
predominantly included studies from developed nations, mostly from North America
and Europe, therefore, precluding a more accurate global picture of the prevalence of
SB in young children.

4.6. Conclusions

Our results suggest that young children spend a significant portion of their waking
hours in SB. Time spent indoors seems to be used for more SB when compared to
outdoor time while young children attend childcare centres. Girls were more likely to
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spend more time in SB than boys. No significant differences were found between
weekdays and weekends, or between childcare hours and non-childcare hours. As SB
seems to track into later life, and long periods of this behaviour have detrimental
effects in older populations, there is an urgent need to target this behaviour in young
children.
Further research is warranted to understand the correlates and determinants of
young children’s SB. This will allow researchers to better understand where, when and
how young children engage in SB, as well as, to identify factors that can be tackled
through interventions. Experimental research is also needed to evaluate interventions
targeting environments where young children spent more time in SB, particularly
indoors at childcare centres. The quality of the evidence could be improved with betterdesigned studies. Particularly, regarding accelerometer wear time criteria and the use
of age-appropriate validated cut-off points and devices to accurately assess SB in
young children.
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5.1. Abstract

Background: Young children appear to spend large portions of their waking time
being sedentary. Understanding the correlates of sedentary time would assist in
developing effective interventions among young children. The purpose of this
systematic review was to summarise the current literature on the correlates of
objectively measured sedentary time in young children aged 1-5.9y.
Methods: This review was registered with PROSPERO (registration no.
CRD42017081374) and aligned with the PRISMA Statement for systematic reviews.
Five electronic databases (MEDline, CINAHL Complete, PsycINFO, SportDiscus,
Scopus) were searched up to October 26, 2017 for studies investigating correlates of
sedentary time measured using objective devices. A semiquantitative approach was
used to synthesize data.
Results: Forty-five studies were retrieved comprising 13,430 participants, and 84
correlates of sedentary time in young children were evaluated. The associations
between sex, sleep habits, daily patterns (childcare vs. non-childcare hours), childcare
type and sedentary time were indeterminate. Thirty-nine correlates were consistently
unrelated. Forty-one potential correlates were examined in too few studies (<4) to
make confident conclusions. Parental sedentary behaviour was reported 3 times and
maternal sedentary behaviour was reported once. Out of these four studies, three were
positively associated with child sedentary time.
Conclusions: Despite reviewing 45 studies that evaluated associations for 84
correlates, this review was unable to identify any consistent correlates of sedentary
time in young children. Additional research is needed in this area to provide robust
evidence of the correlates of sedentary time in young children, particularly for those
examined in only a small number of studies.
Keywords: Sedentary behaviour, accelerometer, yearly-years, toddlers, pre-schoolers.
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5.2. Introduction

Sedentary behaviour is defined as any waking behaviour characterized by an energy
expenditure ≤1.5 metabolic equivalents, while in a sitting, reclining or lying posture.1
The time spent for any duration (e.g., minutes per day) or any context (e.g., at school)
in this behaviour is defined by sedentary time (ST).1 There is an emerging evidence
based in adults showing that ST impacts on health, independently of physical activity
(PA) levels. A recent meta-analysis with data from more than 1 million men and
women indicated that very high levels of daily PA (60-75min) are needed to attenuate
the increased risk of death associated with high sitting time.2 Unlike the robust
evidence on the impact of ST on health-related outcomes in adults, evidence in young
children (< 5.9yr) is less consistent3; possibly because of their overall good health
status, and also, the effects of ST may require considerable time to show a detrimental
effect. Moreover, demonstrating the potential health consequences of ST has been
difficult due to some statistical approaches that fail to recognise that ST, PA and sleep
form a 24-hour composite whole. Recent studies using compositional data analysis to
appropriately account for the compositional nature of movement, confirm that ST has
detrimental health consequences among adults4 and older children.5 In pre-schoolers,
this method showed that the overall movement composition of the three behaviours
appears to be important for healthy BMI-zscores (body mass index Z-score).6 Besides,
other research indicates that ST may be associated with higher levels of adiposity, poor
psychological health, lower cognitive development and low bone mineral content, in
this age group.7,8
Assessment of time engaged with screen-based forms of sedentary behaviour,
such as TV viewing and other electronic devices,8,9 is the most common approach to
assess ST in children. Although, these are prevalent sedentary behaviours in young
children, they do not necessarily represent the total ST during the day. This has been
identified as a major gap in the literature.9 Parent proxy-reports of total sedentary
behavior/sitting for young children are scarce. Likewise, parents aren’t always with
their children and therefore, parental proxy-reports of children’s total ST tend to be
inaccurate.10 Improvements in understanding sitting time or total ST are largely due to
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developments in activity monitoring technology,11 which address numerous
limitations related to proxy-reports or screen-based measures.12 Accelerometer-based
activity monitors that collect time-stamped activity are becoming increasingly
affordable13 and have demonstrated adequate validity and reliability in young
children.14-27 Therefore, activity monitoring has become the preferred method for
estimating total ST in young children.
According to a recent systematic review on the prevalence of objectively
measured ST, toddlers and pre-schoolers appear to spend large portions (51.4%) of
their waking time being sedentary.28 Moreover, the early years are a critical period in
which health behaviours, such as sedentariness, are established,29 and these tend to
track throughout life.30-32 Therefore, the likelihood of having a sedentary adult
population, more prone to develop non-communicable diseases, is higher if sedentary
behaviours are already established during childhood. Consequently, identifying the
correlates of ST in young children is important to understand how, where and with
whom to intervene, allowing the development of more effective strategies to reduce
the amount of ST.
The correlates of ST during early childhood education and care (ECEC)
services in birth to 5-year-old children, were recently studied by Tonge et al.33 in a
systematic review. A broader systematic review34 has investigated the correlates of ST
across the whole day (not only during childcare periods). However, Hinkley et al.34 it
only included studies among pre-schoolers. This means that studies with children
under 3 years were not included, and due to its publication date (2010) and the last
search conducted (2008), this systematic review may be out of date. Besides, as the
proliferation of published papers using objective devices to capture ST at young ages
is a recent phenomenon, it might be the reason why only 9 out of 29 included studies
used accelerometry to assess ST on Hinkley et al., review. In the last few years, more
papers using accelerometry methods to assess ST have been published,35-41 and there
is a need to revise this new evidence.
Thus, the purpose of this systematic review was to summarise the current
literature on the correlates of habitual ST in young children aged 1 to 5.9 years,
measured by objective devices.
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5.3. Methods

This review was registered with PROSPERO (registration no. CRD42017081374) and
aligned with the PRISMA Statement for systematic reviews.42
Inclusion criteria
The review sought to identify all studies reporting correlates of objectively-measured
ST in toddlers and pre-schoolers (1 to 5.9 years). Scientific peer-reviewed published
papers written in English, Portuguese, French, Spanish, German, Chinese and Dutch
were considered for this review. All study designs were considered, as long as they
had the potential to describe correlates of ST in young children. For longitudinal
studies, the age criteria applied to the first measurement. For randomized controlled
trials, non-randomized interventions or other types of longitudinal studies, only
baseline data were considered if associations or differences between baseline or
follow-up were not reported.
Studies were eligible only if (i) ST was objectively measured with an activity
monitor (such as Actigraph, activPAL, Actiheart, Actical, or other), with at least one
valid day (5 hours) and; (ii) the sample was comprised of apparently healthy young
children, who could walk independently and who did not attended formal
primary/elementary school.
Exclusion criteria
Studies with less than 30 participants or studies reporting correlates of ST only during
childcare period were excluded 43,44.
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Search strategy
Using a comprehensive search strategy developed by three reviewers (JP, DC, RS),
five electronic databases (MEDline, CINAHL Complete, PsycINFO, SportDiscus,
Scopus) were searched, up to October 26th, 2017. All the retrieved papers were
exported to a reference manager software (Endnote X8, Thomson Reuters) and
duplicates were automatically removed. All titles and abstracts of potentially relevant
papers were screened by two authors (JP and ES). Full text copies were acquired for
all papers that met title and abstract screening. Full text screening was performed by
the same authors and examined according to the selection criteria. Discrepancies were
discussed until the authors reached an agreement, and two others (DC and RS) were
consulted when required.
When more than one paper reported data on the same sample and for the same
variable, the study with the larger sample size was included. Studies using the same
sample but reporting different correlates were included; although, they were counted
as one sample.
Risk of bias
Two authors (JP and ZZ) independently assessed the risk of bias of the studies meeting
the inclusion criteria. Prior to assessments, authors demonstrated >95% agreement
with criterion assessments, conducted on 12 randomly selected studies (totalling 48
risk of bias items). Risk of bias was assessed as follows:
1.

Sampling bias - Was the sample randomly selected (i.e., either

participants or clusters such as schools) to be representative of the population?
2.

Sampling bias - Did an adequate percentage (≥ 70%) of participants

have complete data?
3.

Sampling bias - Were participants with missing data who were excluded

from analyses not different to those included in analyses on key variables (i.e., age,
sex, socio-economic status, cultural background, weight status)?
4.

Measurement bias - Did the study use valid methods to measure ST or

did the activity monitor and cut-point for ST have established validity in toddlers?
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Valid devices including the thigh-mounted activPAL and valid cut-points for hip
mounted ActiGraph (Vertical axis) were considered as followings: ≤25 to
≤48counts(c)/15seconds(s); or in pre-schoolers: thigh-mounted activPAL; hip
mounted ActiGraph (vertical axis): ≤25 to ≤37c/15s; hip mounted ActiGraph (vector
magnitude): ≤820 counts per minute (cpm); wrist mounted Actigraph (vertical axis)
≤89 to ≤178 c/5s; wrist mounted Actigraph (vector magnitude): ≤221 to ≤328 c/5s; hip
mounted Actiheart: ≤41 cpm and; hip mounted Actical: ≤6 to ≤11c/15s); thigh
mounted activPAL.
To determine if cut points used were valid to define ST on different devices,
relevant studies on the topic were consulted, for Actigraph,20-23,26 Actiheart,23
Actical,18,27 and activPAL.14,25,45
Risk of bias items were coded as present (“1”) or absent/unclear (“0”), and
studies were classified as having low risk of bias if they scored ≥3 out of the 4 items.
Data extraction
Data extraction was performed by one author (JP), and checked by two others (DC and
RS). Pre-established data extraction criteria were created with four items: (i) General
study information (authors’ name; year, country and design of the study); (ii) Sample
characteristics (size, age and sex); (iii) ST measures (activity monitor, cut points,
epoch and wear-time criteria used); and (iv) ST correlates (variable, covariates, main
findings and direction of the association).
Selection and categorization of correlates
Consistent with previous reviews in older children46 and in the early years,33,34,47
potential correlates were classified into five categories (Tables 5.4 to 5.8):
Demographic/biological,

psychological/cognitive/emotional,

behavioural,

social/cultural, and environmental. When a study reported similar variables for the
same correlate, the variables were considered and reported separately, as displayed in
supplemental online material (Table 5.1).

108

Correlates of sedentary time in young children: A systematic review

Coding associations with ST
A variety of statistical techniques were used in the retrieved papers to report the
findings, such as, univariate, bivariate and multilevel statistical analyses. Due to the
heterogeneity of the retrieved data, quantitative methods, such as meta-analyses were
not viable. An alternative method to summarize the evidence is the results coding. This
method has been used in previous reviews,33,34,46,47 to identify the correlates of PA and
sedentary behaviour, either in adults or paediatric populations (including the early
years). The coding method used was the following one: If only 33% or less of the
studies corroborated the association, this was defined as no association “0”. When the
percentage of studies corroborating the association ranged from 34-59%, the code
indeterminate “?” was attributed. Finally, if the percentage of the studies was 60% or
above, the code negative association “-” or positive association “+” was attributed
according to the direction of the association. Robust/Consistent conclusions could be
drawn for correlates studied four or more times. If that was the case, the results were
coded as “00”, “??”, “--” or “++”, as appropriate. When correlates were studied less
than four times, associations were coded as “0”, “?”, “-” or “+” (Table 5.1).

Table 5.1. Rules for classifying variables regarding strength of association with
children’s sedentary time.
Studies Supporting
association (%)
0-33
34-59
60-100
60-100

Summary code

Explanation code

0
?
+
-

No association
Indeterminate / inconclusive association
Positive association
Negative association

Note: When an outcome was studied four or more times it was considered a robust correlation and coded as: 00 (no association);
?? (indeterminate association); ++ (positive association); or -- (negative association).
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5.4. Results

Description of the studies
Following the search, 2641 studies were identified. Eight more studies were identified
by searching authors’ libraries. After duplicates were removed, 1605 studies remained.
Following title and abstract screening, 99 studies remained for full text eligibility
assessment. Finally, 45 studies were included for the qualitative synthesis of the
correlates of objective measures of ST (Figure 5.1).
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Figure 5.1. Flow diagram of the literature search and selection process.
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Of the 45 included studies, 21 were conducted in Europe (five in England48-52; four in
Sweden53-56; three in Scotland57-59; two in Belgium,60,61 Portugal62,63 and Switzerland
41,64

; and one each in Holland65 and Finland66; finally, one study combined eight

European Countries: Sweden, Germany, Hungary, Italy, Cyprus, Spain, Belgium, and
Estonia66); 18 were conducted in North America (13 in USA,37-39,67-76 and five in
Canada40,77-80) and six in Oceania (five in Australia35,36,81-83 and one in New Zealand84).
Studies were published between 2005 and 2017, comprising 13,430
participants aged 1-5.9, from 41 different samples. The majority of the studies
(n=34)35-41,52-56,58-67,69-72,74,76,78,81-83 assessed ST using Actigraph, while six studies used
Actical,68,73,75,77,80,84 and four used Actiheart.48-51 One study66 used two different devices
(Actigraph and Actitrainer). All studies used a hip mounted accelerometer, except one,
55

which used a wrist-mounted device.35-41
In the 45 retrieved studies there was wide variability in the selected

accelerometer cut-points to define ST. The 100 cpm80,85 was the widely used cut-point,
particularly when converted to the 25 counts per 15 seconds version.35-37,40,41,66,79,80,83,86
The cut-point 1100 cpm was used in 6 studies.57-59,62,76,81 The cut-point 150 cpm, was
used 4 times48,67,71,72 but Berglind et al. converted this cut-point to 37.5 counts per 15
seconds. The 820 cpm52,54,56,74 was reported in 4 studies. The cut-point of 800 cpm was
used in three studies,63,69,70 while the cut-points of 44 cpm73,75 and 48 cpm68,84 were
reported in 2 studies each. The remaining (12) cut-points were only reported once and
included cut-points from 20 cpm50 to 1204 cpm.65
A disparity in wear-time criteria between studies was also notable. For the least
restrictive criteria, valid data were defined as at least one day with 6 hours.76 Whereas
for the most restrictive criteria, accelerometer data were valid if the child had at least
seven days (including 2 weekend-days), with at least 10h63 of usable data (Table 5.2)
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Table 5.2. Characteristics of the included studies.
Study Details
Participants

Sedentary Time Assessment

Country

Total Sample
Size (%boys)

Age
(mean ± SD)

Device

Cut-points
(cpm)

Epoch

Wear Time
Criteria

Fisher et al. (2005)57

Scotland

394 (53%)

CSA WAM 7164

< 1100

60s

Fisher et al. (2005)58

Scotland

209 (48%)

3.6 – 5 y
NR
NR
(4.2 ± 0.5 y)

CSA WAM 7164

<1100

60s

At least 3 days with
at least 9h
At least 3 days with
at least 6h

Kelly et al. (2006)59

Scotland

339 (NR)

ActiGraph

< 1100

60s

Cardon & Bourdeaudhuij. (2008)60

Belgium

76 (49%)

MTI Actigraph 7164

Cliff et al. (2009)81

Australia

46 (54%)

ActiGraph 7164

<1056 (4 y)
<798 (5y)
< 1100

15s
15s
60s

Vale et al. (2010)62

Portugal

245 (57%)

3–4y
(4.2 ± 0.5 y)
4–5y
(N.G)
NR
(4.3 ± 0.7 y)
NR
(5.2 ± 0.8 y)

ActiGraph GTM1

< 1100

60s

Burgi et al. (2010)64

Switzerland

542 (49%)

NR
(5.1 ± 0.60 y)

Actigraph/CSA

<100

15s

Byun et al. (2011)67

USA

331 (51%)

ActiGraph 7164

< 150

15s

Dolinsky et al. (2011)68

USA

337 (58%)

3–5y
(4.3 ± 0.7 y)
2–5y
(3.5 ± 1.1 y)

Actical

<48

15s

Mickle et al. (2011)82

Australia

33 (52%)

Actigraph 7164

<1100

60s

Ruiz et al. (2011)76

USA

80 (49.1%)

Actigraph GTM1

<420

60s

Van Cauwenberghe et al. (2013)61

Belgium

107 (56%)

ActiGraph GT1M

≤ 372

15s

Collings et al. (2013)48

England

398 (51%)

3–5y
(4.3 ± 0.6 y)
3–5y
(4.2 ± 0.9 y)
NR
(5.3 ± 0.4 y)
4y
(NR)

Actiheart

< 150

60s

At least 6 days with
at least 6h
4 days (2 weekend
days)
At least 3 days with
at least 6h
At least 4 days (1
weekend day) with
at least 10h
At least 3 days (1
weekend day) with
at least 6h
At least 10 days with
at least 5h
At least 3 days (1
weekend day) with
at least 6h
At least 3 days with
at least 6h
At least one day with
at least 6h
At least 2 days with
at least 8h
At least 1 weekday
with at least 10h
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ActiGraph GTM1 / GT3X

≤ 800

15s

Wijtzes et al. (2013)65

Holland

347 (52%)

ActiGraph 7164

≤ 1204

15s

Byun et al. (2013)70

USA

Montssori schools
164 (49%)

4y
4.4 ± 0.5 y

Actigraph GT1M

≤ 800

15s

4y
4.5 ± 0.4 y
NR
(4.0 ± 0.7 y)

ActiGraph 7164

< 150

15s

At least 2 days with
at least 6h
At least 2 days (1
weekend day) with
at least 6.40h
At least 2 days with
at least 4h

III

3–5y
(NR)
2y
(2.1 ± 0.1 y)

II

357 (51%)

I

USA
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Espana-Romero et al. (2013)69

≤ 150

15s

Grzywacz et al. (2014)73

USA

248 (48%)

2–3y
NR

Actical

≤ 44

15s

Hesketh et al. (2014)50

England

593 (49%)

NR
(4.1 ± 0.1 y)

Actiheart

<20

60s

Williams et al. (2014)84

New Zealand

216 (56%)

3y
(NR)

Actical

≤ 48

15s

Vanderloo & Tucker (2015)77

Canada

40 (45%)

1.5 – 2.4 y
(2.1 ± 0.5 y)

Actical

≤ 99

15s

Johansson et al. (2015)53

Sweden

123 (50%)

NR
(2.03 ± 0.1 y)

ActiGraph GT3X+

≤ 1068

5s

At least 4 days
(1 weekend day)
with at least 4h

Herrmann et al. (2015)85

1512 (53.2%)

2 - <6 y
(4.4 ± 1.5)

Actitrainer or GT1M

<100

60 s

At least 3 days (1
weekend day) with at
least 6 h

Hesketh et al. (2015)50

Europe (Sweden
Germany, Hungary,
Italy, Cyprus, Spain,
Belgium and
Estonia)
England

202 (49%)

Actiheart

<154

15s

At least 2 days with
at least 10h

Carson et al. (2016)83

Australia

177 (57%)

ActiGraph GT1M

< 100

15s

Mota et al. (2012)63

Portugal

543 (52%)

Boys: 3 – 4 y
(4.0 ± 0.4 y)
Girls: 3 – 4 y
(4.0 ± 0.4 y)
3–5y
(4.2 y ± NR)
4–6y
(NR)

Actigraph GTM1

≤800

15s

At least 3 days with
at least 6h
At least 7 days (2
weekend days) with
at least 10h

At least 5 days (2
weekend days) with
at least 23h
At least 4 days (1
weekend day) with
at least 8h

IX

ActiGraph GT3X+

VIII

NR
(4.3 y ± NR)

VII

45 (44%)

VI

USA

NR (average number
of days / h: 7.5 days
/ 7.6h)
At least 4 days (1
weekend day) with
at least 20h
At least 5 days
(1weekend day)
with at least 8h
At least 1 day with
at least 10h

V

USA

IV

Byun & Pate (2013)71
(Only sample from
EDPAPC study)
Ruiz et al. (2013)72

Traditional schools
167 (53%)
155 (51%)

Sweden

540 (58%)

NR
(4.2 ± 0.15 y)

Actigraph GT3X+

<820 (VM)

60s

Caldwell et al. (2016)78

Canada

400 (NR)

NR
(4.5 ± 0.9 y)

ActiGraph GT3XE and
GT3X+

≤ 160

3s

Hnatiuk et al. (2016)51

England

153 (49%)

Actiheart

≤ 38

15 s

Leppanen et al. (2016)55

Sweden

307 (55%)

wActiGraph-wGT3x-BT)

< 305 (VM)

5s

Matarma et al. (2016)66

Finland

140 (44%)

3–4y
NR
NR
(4.5 ± 0.2 y)
NR
(5.6 ± 0.3 y)

Actigraph GT3X

≤100

15s

Butte et al. (2016)74

USA

111 (52%)

NR
(4.6 ± 0.9 y)

Actigraph wGT3X+

< 820 (VM)

60s

Tandon et al. (2016)75

USA

388 (49%)

Actical

≤ 44

15s

Collings et al. (2017)52

England

333 (51%)

Actigraph GT3X

<820 (VM)

60s

Carson & Kuzik (2017)40

Canada

149 (52%)

NR
(4.3 ± 0.7 y)
NR
3.3 ± 0.9 y
1.6 y
(1.6 ± 0.2 y)

Actigraph wGT3X-BT

<100

15s

Schmutz et al. (2017)41

Switzerland

394 (54%)

NR
(3.9 ± 0.7 y)

ActiGraph GT3X-BT

≤100

15s

Berglind & Tynelius (2017)56

Sweden

899 (55%)

ActiGraph GT3X+

< 820 (VM)

60s

Carson et al. (2017)79

Canada

100 (47%)

4
(NR)
(3.6 ± 0.8 y)

ActiGraph wGT3X+BT

< 100

15s

Larouch et al. (2017)80

Canada

3-4 years
293 (53%)
5-6 years
301 (51%)

3-4
(3.6 y ± NR)
5-6
(5.6 y ± NR)

Actical

< 100

3-4 years
15s
5-6 years
60s

Barkin et al. (2017)37
(Minnesota sample)

USA

451 (48%)

NR
(3.3 ± 0.6 y)

ActiGraph GT3X or
GT3X+

< 100

15s

Barkin et al. (2017)37
(Vanderbilt sample)

USA

552 (48%)

NR
(4.3 ± 0.9 y)

ActiGraph GT3X or
GT3X+

< 100

15s

Santos et al. (2017)35

Australia

284 (53%)

NR
(1.8 ± 0.3 y)

ActiGraph GT3X+

< 100

15s

At least 3 days (1
weekend day) at
least 10h
At least 3 days with
at least 10h
At least 2 days with
at least 10h
At least 3 days with
at least 10h
At least 5 days
(1 weekend day)
with at least 8h
At least 4 days (1
weekend day) with
at least 16.40h
At least 1 day with
at least 23.30h
At least 1 day with
at least 6h
At least 4 days with
at least 6h
At least 3 days
(1 weekend day)
with at least 10 h
At least 6 days with
at least 12h
At least 4 days with
at least 6h
3-4 years:
At least 3 days with
at least 5h
5-6 years:
At least 4 days with
at least 10h
At least 4 days (1
weekend day) with
at least 6h
At least 4 days (1
weekend day) with
at least 6h
At least 1 day with
at least 24h
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Berglind et al. (2016)54

122 (53%)

French et al. (2017)39

USA

534 (NR)

Downing et al. (2017)36

Australia

717 (55%)

Actigraph GT3X+

≤ 199

15s

Actigraph GT3X+

NR

NR

3–5y
(4.5 ± 0.7 y)

Actigraph GT1M

≤ 100

15s

3 days
with 24h
At least 4 days
(1 weekend day)
with at least 6h
At least 4 days
(1weekend day)
with at least 6h

II

4–6y
(4.9 ± 0.48 y)
2–4y
NR

I

USA
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Duraccio & Jensen (2017)38

III
IV

V
VI
VII
VIII
IX
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Risk of bias
Out of the 45 included studies, 10 (22%) had low risk of bias (≥3 out of
4).36,37,41,56,64,67,72,74,75,83 Only 11 (24%) studies35,37,38,41,49,54,67,71,72,74,83 reported no
differences between participants that were included from those who were excluded
from the analysis, due to missing data on key variables. Eighteen (40%)
studies36,41,51,56,58,60-62,64,75-77,80-84,87 randomly selected the sample. Twenty-three (51%)
studies35-37,40,41,48,50,51,53,55,56,64,66-68,71,72,74,75,77,79,83,85 used valid ST cut-points. Finally,
twenty-eight (62%) studies36-38,41,49,52,54-61,64-66,68,72,74-76,78-80,83,84 reported an acceptable
percentage of missing data (Table 5.3).
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I

II

III

IV

V

VI

VII

VIII

IX

Table 5.3. Risk of bias assessment for the retrieved papers.
Study

2. Missing
data:

Fisher et al. (2005)57
Fisher et al. (2005)58
Kelly et al. (2006)59
Cardon & Bourdeaudhuij (2008)60
Cliff et al. (2009)81
Vale et al. (2010)62
Burgi et al. (2010)86
Byun et al. (2011)67
Dolinsky et al. (2011)68
Mickle et al. (2011)82
Ruiz et al. (2011)76
Van Cauwenberghe et al. (2013)61
Collings et al. (2013)48
Espana-Romero et al. (2013)69
Wijtzes et al. (2013)65
Byun et al. (2013)70
Byun & Pate (2013)71
Ruiz et al. (2013)72
Grzywacz et al. (2014)73
Hesketh et al. (2014)50
Williams et al. (2014)84
Vanderloo & Tucker (2015)77
Johansson et al. (2015)53
Herrmann et al. (2015)85
Hesketh et al. (2015)50
Carson et al. (2016)83
Mota et al. (2012)63
Berglind et al. (2016)54
Caldwell et al. (2016)78
Hnatiuk et al. (2016)51
Leppanen et al.(2016)55
Matarma et al. (2016)66
Butte et al. (2016)74
Tandon et al. (2016)75
Collings et al. (2017)52
Carson & Kuzik (2017)40
Schmutz et al. 2017)41
Berglind & Tynelius (2017)56
Carson et al. (2017)79
Larouch et al. (2017)80
Barkin et al. (2017)37
Santos et al. (2017)35
Duraccio & Jensen (2017)38
French et al. (2017)39
Downing et al. (2017)36

1. Sample
randomly
selected:
0
1
0
1
1
1
1
0
0
1
1
1
0
0
0
0
0
0
0
0
1
1
0
0
0
1
1
0
0
1
0
0
0
1
0
0
1
1
0
1
0
0
0
0
1

TOTAL

18
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4. Valid
Methodology:

1
1
1
1
0
0
1
1
1
0
1
1
0
0
1
0
0
1
0
1
1
0
0
0
0
1
0
1
1
0
1
1
1
1
1
0
1
1
1
1
1
0
1
0
1

3. Missing
key
variables:
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1
1
0
1
0
0
0
0
0
1
0
1
0
0
0
0
1
0
0
0
1
0
0
0
1
1
1
0
0

28

11

23

0
0
0
0
0
0
1
1
1
0
0
0
1
0
0
0
1
1
0
0
0
1
1
1
1
1
0
0
0
1
1
1
1
1
0
1
1
1
1
0
1
1
0
0
1

Score:

1/4
2/4
1/4
2/4
1/4
1/4
3/4
3/4
2/4
1/4
2/4
2/4
1/4
0/4
1/4
0/4
2/4
3/4
0/4
2/4
2/4
2/4
1/4
1/4
1/4
4/4
1/4
2/4
1/4
2/4
2/4
2/4
3/4
3/4
1/4
1/4
4/4
3/4
2/4
2/4
3/4
2/4
2/4
0/4
3/4

Correlates of sedentary time in young children: A systematic review

Demographic and biological correlates
Thirty-eight demographic and biological correlates were investigated (Table 5.4). The
most frequently assessed demographic/biological correlate was sex, and it was
reported in 24 studies, presenting an indeterminate association with ST.
ST was consistently not associated with body mass index, weight status, fat
mass, fat free mass, waist circumference, fitness level, gross motor skills, postural
characteristics, socio-economic status, race/ethnicity, hours of maternal employment,
maternal education level, paternal education level, parental education level, maternal
body index, maternal age or, marital status. Other correlates were investigated too
infrequently to make robust/consistent conclusions regarding the direction of the
association.
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Correlate

Association
(±)

Found no association with children’s
sedentary time

Summary coding for row (n/N for
row; %)

Summary code for
association (+-)

I

-

1/11 (9%)

00

IX

Byun et al. (2011)67

00

VIII

Body mass index

1/7 (14%)

VII

-

??

VI

Wijtzes et al. (2013)65

11/27 (41%)

V

Age

Cliff et al. (2009)81
Vanderloo and Tucker (2015)77
Ruiz et al. (2013)72)
Matarma et al. (2016)66
Byun and Pate (2013)71
Cardon and Bourdeaudhuij (2008)60
3-4 Larouch et al. (2017)80
5-6 Larouch et al. (2017)80)
Leppanen et al. (2016)55
Johansson et al. (2015)53
3 Williams et al. (2014)84)
5Williams et al. (2014)84)
Vale et al. (2010)62)
Hesketh et al. (2014)49
Schmutz et al. (2017)41
Grzywacz et al. (2014)73
Byun et al. (2011)67
Cliff et al. (2009)81
Byun et al. (2013)70
Carson & Kuzik (2017)40
Dolinsky et al. (2011)68
Schmutz et al. (2017)41
Byun et al. (2013)70
Cliff et al. (2009)81
b Espana-Romero et al. (2013)69
g Espana-Romero et al. (2013)69
Byun et al. (2013)71
Leppanen et al. (2016)55
Collings et al. (2017)52
Butte et al. (2016)74
Wijtzes et al. (2013)65
l Butte et al. (2016)74

IV

+

III

Fisher et al. (2005)57)
Byun et al. (2011)67)
Espana-Romero et al. (2013)69
Byun et al. (2013)70
Carson and Kuzik (2017)40
Santos et al. (2017)35)
Dolinsky et al. (2011)68)
Berglind and Tynelius (2017)56
Wijtzes et al. (2013)65
Caldwell et al. (2016)78)
l Caldwell et al. (2016)(78)

II

Child Variables
Sex (girls)

Found association with children’s
sedentary time
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Table 5.4. Summary of demographic and biological correlates.

Weight status

Birth weight

Gestational length
Body weight

Butte et al. (2016)74

+

Fat mass

Butte et al. (2016)74

+

Waist circumference

Waist-to-height ratio

b

Mota et al. (2012)63

+

Sum of skinfolds
Fitness

Gross motor Skills

0/8 (0%)

00

0/3 (0%)

0

0/1 (0%)
1/2 (50%)

0
?

Collings et al. (2013)48
fmi Collings et al. (2013)48
tfmi Collings et al. (2013)48
fmi Leppanen et al. (2016)55
% Leppanen et al. (2016)55
Butte et al. (2016)74
% Butte et al. (2016)74
l Butte et al. (2016)74
l% Butte et al. (2016)74
Collings et al., 201348
Leppanen et al., 201655
Butte et al., 2016l74
b Espana-Romero et al. (2013)69
g Espana-Romero et al. (2013)69
Leppanen et al. (2016)55
Collings et al. (2017)52
g Mota et al. (2012)63)

0/9 (0%)

00

1/4 (25%)

00

0/4 (0%)

00

1/2 (50%)

?

Collings et al. (2013)52

0/1 (0%)

0

(2016)55

Byun et al. (2011)67

-

Leppanen et al.
Leppanen et al. (2016)55
Leppanen et al. (2016)55
Leppanen et al. (2016)55

0/4 (0%)
00
[Leppanen et al. (2016)55 associated hand grip, lower muscular
strength, motor fitness and cardio-respiratory fitness with ST.]

Johansson et al. (2015)53
Schmutz et al. (2017)41
Wijtzes et al. (2013)65

1/4 (25%)

00
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Fat free mass

Matarma et al. (2016)66
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al. (2011)68
Johansson et al. (2015)53
Berglind et al. (2016)54
Hesketh et al. (2014)49
Grzywacz et al. (2014)73
Byun et al. (2011)67
Wijtzes et al. (2013)65
Schmutz et al. (2017)41
Wijtzes et al. (2013)65
l Butte et al. (2016)74

Mickle et al. (2011)82

+

Hours of parental
employment

+

0/1 (0%)

0

Grzywacz et al. (2014)73

0/1 (0%)

?

bDowning

et al. (2017)36
et al. (2017)36
Grzywacz et al. (2014)73
Wijtzes et al. (2013)65
b Downing et al. (2017)36
g Downing et al. (2017)36
Wijtzes et al. (2013)65

0/5 (0%)

00

0/3 (0%)

0

Byun et al. (2011)67

0/1 (0%)

0

0/9 (0%)

00

IXI

Hours of paternal
employment

Burgi et al. (2010)86

0

VIII

Migrant Family
Parental characteristics
Hours of maternal
employment

0

0/2 (0%)

VII

Region

0/1 (0%)

VI

Race / Ethnicity

0

V

Socio-economic status

Wijtzes et al. (2013)65
Dolinsky et al. (2011)68
Kelly et al. (2006)59)
Cliff et al. (2009)81
Carson and Kuzik (2017)40
3-4 Larouche et al. (2017)80
5-6 Larouche et al. (2017)80
Vanderloo and Tucker (2015)77
Dolinsky et al. (2011)68
Schmutz et al. (2017)41
Wijtzes et al. (2013) 65
Buyn et al. (2013)70
Byun et al. (2013)70
Carson and Kuzik 201740
Carson and Kuzik 201740
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al. (2011)68
Collings et al. (2017)52
Schmutz et al. (2017)41

0/3 (0%)

IV

Breastfeeding status

[Mickle et al. (2011)82 associated peak plantar pressure under the
heel, midfoot, forefoot, hallux, toes 2-5 and total foot with ST.]

III

Bone stiffness

00

II

Chronic health
conditions

1/12 (8%)

I

[Mickle et al.
(2001)(82)
associated peak
plantar pressure
generated under
the toes 2-5 with
ST.]

Mickle et al. (2011)82
Mickle et al. (2011)82
Mickle et al. (2011)82
Mickle et al. (2011)82
Mickle et al. (2011)82
Mickle et al. (2011)82
Mickle et al. (2011)82
Mickle et al. (2011)82
Mickle et al. (2011)82
Mickle et al. (2011)82
Mickle et al. (2011)82
b Downing et al. (2017)36
g Downing et al. (2017)36
Schmutz et al. (2017)41
Herrmann et al. (2015)85
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Postural characteristics

0/8 (0%)
00
[Buyn et al. (2013)70 compared African Americans with white, and
white with other races. Carson & Kuzik (2017)40 associated race
ethnicity and country of birth with ST]

gDowning

Maternal educational
level

5

Williams et al. (2014)84

Paternal education level

Parental education level

Maternal body mass
index

Paternal age
Parental age

b

Downing et al. (2017)36

Maternal health
conditions

Paternal health
conditions
Parental sex
(parent who answered
the questionnaire)
Marital status (living in a
dual-parent household)

Schmutz et al. (2017)41

+

1/8 (13%)

00

0/4 (0%)

00

0/5 (0%)

00

0/4 (0%)

00

0/2 (0%)

0

0/2 (0%)

0

0/4 (0%)

00

1/2 (50%)
0/2 (0%)

?
0

0/2 (0%)

0

Carson and Kuzik (2017)40

0/1 (0%)

0

Carson and Kuzik (2017)40
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al. (2011)68
Wijtzes et al. (2013)65

1/6 (16%)

00

0/4 (0%)
00
[Dolinsky et al. (2011)68 associated depression and chronic disease
with ST.]
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3: pre-schoolers aged 3 years; 5: pre-schoolers aged 5 years; 3-4: pre-schoolers aged 3-4 years; 5-6: pre-schoolers aged 5-6 years; b: only for boys; g: only for girls; l: longitudinal data; fmi: fat mass index;
tfmi: trunk fat mass index; %: percentage.
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Paternal body mass
index
Parental body mass
index
Maternal age

Matarma et al. (2016)66
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al. (2011)68
Wijtzes et al. (2013)65
3 Williams et al. (2014)84
Hesketh et al. (2014)49
Matarma et et al. (2016)66
b Downing et al. (2017) 36
g Downing et al. (2017) 36
Wijtzes et al. (2013)65
Byun et al. (2013)70
Vanderloo and Tucker (2015)77
Carson and Kuzik et al. (2017)40
3-4 Larouche et al. 201780
5-6 Larouche et al. (2017) 80
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al. (2011)68
Wijtzes et al. (2013)65
b Downing et al. (2017)36
g Downing et al. (2017)36
Byun et al. (2011)67
Schmutz et al. (2017)41
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al. (2011)68
Wijtzes et al. (2013)65
g Downing et al. (2017) (36)
Byun et al. (2011) (67)
Carson and Kuzik et al. (2017)40
g Downing et al. (2017) 36
b Downing et al. (2017) 36
Dolinsky et al. (2011) 68
Dolinsky et al. (2011) 68
g Downing et al. (2017)36
b Downing et al. (2017)36)

Chapter

I

II

III

IV

V

VI

VII

VIII

IX

Behavioural correlates
From the nine ST behavioural correlates investigated in included studies, the
relationship with PA was the most commonly reported, and it was classified as
consistently null. Associations for play and PA were also consistently null. Sleep
habits were consistently found to have an indeterminate association with ST. Screen
time viewing during weekdays, screen time viewing during weekends, TV watching,
preference for sedentary activities and sweetened beverage consumption were
investigated less than four times, so the consistency of the associations for these
correlates could not be determined. Nevertheless, these correlates appeared to display
no associations with ST (Table 5.5).
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Table 5.5. Summary of behavioural correlates.
Correlate

Found association with
children’s sedentary time

Association
(±)

Child Variables
Screen time during weekdays

Byun et al. (2011)67

+

Screen time during weekend

Vanderloo and Tucker (2015)77

-

Downing et al. (2017) 36
Duraccio and Jensen (2017)38
3Williams et al. (2014)84
5Williams et al. (2014)84

-

TV watching
Sleep habits (sleep duration)

g

[Williams et al. (2014)84
associated bedtime hours
with ST]

Play

Found no association with children’s
sedentary time

Summary coding for row
(n/N for row; %)

Summary code for
association (+-)

1/3 (33%)

0

1/3 (33%)

0

Dolinsky et al. (2011)68
b Downing et al. (2017)36
Dolinsky et al. (2011)68
Schmutz et al. (2017)41

0/1 (0%)
4/7 (57%)

0
??

Downing et al. (2017)36
Downing et al. (2017)36
Schmutz et al. (2017)41
Byun et al. (2011)67
2-3 Larouche et al. (2017)80
5-6 Larouche et al. (2017)80
b Downing et al. (2017)36
g Downing et al. (2017)36
Byun et al. (2011)67
Byun et al. (2011)67
Byun et al. (2011)67
Byun et al. (2011)67
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al. (2011)68

0/4 (0%)

00

2/6 (33%)

00

b
g

Time spent outdoors

Relationship with physical
activity

Preference for sedentary
activities
Sweetened beverage
consumption

Dolinsky et al. (2011)68
Schmutz et al. (2017)41

-

0/12 (0%)
00
[Byun et al. (2011)67 associated perceived enjoyment of
PA, perceived enough PA, perceived level of PA and
perceived importance of PA with ST. Downing et al.
(2017)36 associated competitiveness with others when
being active, children prosocial PA behaviour, child
constrain to PA and child activity at social gatherings,
with ST.]

0/2 (0%)

0

0/1 (0%)

0

3: pre-schoolers aged 3 years; 5: pre-schoolers aged 5 years; 2-3: toddlers aged 2-3 years; 3-4: pre-schoolers aged 3-4 years; 5-6: pre-schoolers aged 5-6 years; b: only for boys; g: only for girls.

125

Correlates of sedentary time in young children: A systematic review

Vanderloo and Tucker 201577
Wijtzes et al. (2013)65
Byun et al. (2011)67
Wijtzes et al. (2013)65
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Social and Cultural Correlates
Associations for 19 social and cultural correlates were investigated. Parental positive
attitudes towards PA and parental negative attitudes towards PA were the most
reported correlates on 26 and 17 occasions, respectively. Both were consistently
classified as having no association. Maternal PA levels, maternal screen time, paternal
screen time, parental rules to limit screen time, siblings and participation in organized
sports were also consistently classified as no association. Neither mother sedentary
levels nor parental sedentary levels were reported more than four times to have a robust
direction of the findings. Nevertheless, both correlates appeared to display positive
associations with ST (Table 5.6).
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Table 5.6. Summary of social and cultural correlates.
Correlate

Found association with
children’s sedentary time

Association
(±)

Participation in
organized sport

Siblings

Hnatiuk et al. (2016)51
Wijtzes et al. (2013)65

[Hnatiuk et al. (2016)51
associated older sibling
with ST.]

Being first born
Parental rules to limit
screen time

Parental self-efficacy to
limit screen time
Maternal physical
activity levels

Matarma et al., (2016)66

Paternal physical activity
levels
Parental physical activity
levels
Maternal sedentary
levels

Matarma et al. (2016)66

+

Summary coding for row (n/N
for row; %)

Summary code for
association (+-)

Byun et al. (2011)67
Byun et al. (2013)70
Matarma et al. (2016)66
*Van Cauwenberghe et al. (2013)61
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36

0/6 (0%)

00

0/2 (0%)

0

0/2 (0%)

0

Hnatiuk et al. (2016)51
Byun et al. (2011)67
Matarma et al. (2016)66
Carson and Kuzik (2017)40
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al. (2011)68
Schmutz et al. (2017)41
Williams et al. (2014)84
b Downing et al. (2017)36
g Downing et al. (2017) 36
b Downing et al. (2017)36
g Downing et al. (2017)36
Grzywacz et al. (2014)73
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al., (2011)68
Matarma et al. (2016)66
b Downing et al. (2017)36
g Downing et al. (2017)36
VPA Byun et al., 2011(67)
MPA Byun et al., 2011 (67)
Schmutz et al., 2017 (41)

2/10 (20%)

00

[Hnatiuk et al. (2016)51 associated younger sibling with ST.]

0/1 (0%)
0/5 (0%)

0
00

0/2 (0%)

0

1/4 (25%)

00

0/3 (0%)

0

0/3 (0%)

0

1/1 (100%)

+
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Number of organized
activities per week
Relationship with others

Found no association with children’s
sedentary time
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Maternal screen time

Schmutz et al. (2017)41

2/3 (67%)

+

Downing et al. (2017)36
Downing et al. (2017)36
Dolinsky et al. (2011)68
Dolinsky et al. (2011)68
b Downing et al. (2017)36
g Downing et al. (2017)36
Hnatiuk et al. (2016)51

0/4 (0%)

00

[Hnatiuk et al. 2016 (51) report parental screen time after 6 with
child’s ST.]

Williams et al. (2014)84
Wiktzes et al. (2013)65
Schmutz et al. (2017)41

0/3 (0%)

0

IV

+

III

Barkin et al. (2017)37
Ruiz et al. (2011)76

1/1 (100%)

-

b
g

+
[Hnatiuk et al. (2016)51
report parental screen time
before 6 with child’s ST.]

Parental risk behaviour

-

VI

0/26 (26%)

00
(2017)36

IX

[Downing et al.
associated “parents likes to participate on
outdoor play”, “parents likes child to do activities they did as child”,
“parent believes it’s important to be active as a family”, “parent
allows child to play freely in backyard/street”, “maternal PA
emotional support for child”, “paternal PA emotional support for
child”, “maternal role modelling of PA”, “paternal role modelling of
PA” with ST. Tandon et al. (2016)75 associated “parents attitudes
about importance of physical activity everyday”, “parents attitudes
about the importance of going outside every day at childcare”,
“comfort that parents felt about letting their child play outside near
their home”, “comfort that parents felt about letting their child play
outside at the childcare centre”, “children are less likely to get sick if
they are physically active on a daily basis” with ST.]

VIII

Tandon et al. (2016)75
Tandon et al. (2016)75
Tandon et al. (2016)75
Tandon et al. (2016)75
Tandon et al. (2016)75
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
Grzywacz et al. (2014)73
Schmutz et al. (2017)41
Byun et al. (2011)67

VII

Parental positive
attitudes about physical
activity

Schmutz et al. (2017)41

00

V

Parental sport club
membership

1/4 (25%)

II

Hnatiuk et al. (2016)51

[Dolinsky et al. (2011)68 associated TV and computer time with ST.]

I

Paternal screen time

Chapter

128

Parental sedentary levels

Parental negative
attitude about physical
activity

0/17 (0%)

00
(2016)75

[Tandon et al.
associated “parents belief on the higher
presence of germs indoors compared to outdoors”, “physical activity
times take away from opportunities for children to learn”, “children
are more likely to get sick if they spend time outside in cold weather”
with ST. Downing et al. (2017)36 associated
“Parental concerns about child’s PA/ST”, “parental constrains to
child’s PA”, “Parent prefers to be social with other parents”, “parent
gets bored watching child playing in outdoor spaces”, “parent gets
bored going to the same places”, “parental rules about active games
inside”, “parental rules about active games inside”, “parental rules
about PA for stranger danger, traffic or injury” with ST.]

0/1 (0%)

b: only for boys; g: only for girls; VPA: vigorous physical activity; MPA: moderate physical activity; *ST was measured for the non-childcare period.

0
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Parents physical activity
enjoyment

Tandon et al. (2016)75
Tandon et al. (2016)75
Tandon et al. (2016)75
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
Byun et al. (2011)67
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Psychological, cognitive and emotional correlates
The psychological, cognitive and emotional domain was the least studied of the
correlate categories. Only three correlates were considered: psychological
characteristics, cognitive characteristics and emotional characteristics, and these were
investigated in two, four and five studies, respectively. Consistently, no association
was found for cognitive and emotional characteristics. Conclusions could not be drawn
about psychological characteristics, as they were studied only occasionally (Table 5.7).
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Table 5.7. Summary of psychological, cognitive and emotional correlates.
Correlate

Child Variables
Psychological
characteristics
Cognitive characteristics

Association
(±)

Found no association with children’s
sedentary time

Schmutz et al. (2017)41
Schmutz et al. (2017)41
Carson et al. (2017)79
Carson et al. (2017)79
Carson et al. (2017)79
Schmutz et al. (2017)41
Schmutz et al. (2017)41
Schmutz et al. (2017)41
Schmutz et al. (2017)41
Schmutz et al. (2017)41
Wijtzes et al. (2013)65

Summary coding for row (n/N
for row; %)

0/2 (0%)

Summary code for
association (+-)

0
(2017)41

[Schmutz et al.
associated self-regulation and
psychological difficulties with ST]
0/4 (0%)
00
[Carson et al. (2017)79 associated vocabulary, working memory
and response inhibition with ST.]
0/5 (0%)
00
[Schmutz et al. (2017)41 associated emotionality temperament,
shyness temperament, parenting stress and activity temperament
with ST.]
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Emotional
characteristics

Found association with
children’s sedentary time
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Environmental correlates
Within the 15 correlates evaluated in the environmental domain, “spaces outside the
home” was the most studied (nine times by four studies). The association with ST for
this correlate was consistently null. The same classification was attributed to the
correlates season, weekly patterns (weekdays vs. weekend days), time in care, home
indoor environment, screen or other electronic devices inside the house, and usage of
parks. Associations with ST for daily patterns (childcare vs non-childcare hours) and
childcare type were classified as indeterminate. Park characteristics, having a dog,
areas where dogs roam freely, block characteristics, home outdoor environment and
transport to childcare were investigated on less than four occasions. As such, robust
classifications were not possible; however, these correlates appeared to show no
associations with ST, except for the correlate areas where dogs roam freely, which
appeared to display a negative association with ST (Table 5.8).
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Table 5.8. Summary of environmental correlates.
Correlate

Season
(Spring)

Found association with
children’s sedentary time
Fisher et al. (2005)58
Fisher et al. (2005)58

Wijtzes et al. (2013)65

Wijtzes et al. (2013)65
5 Williams et al. (2014)84
Berglind and Tynelius (2017)56

Daily patterns (being in
childcare)

Childcare type

b
g

Hesketh et al. (2015)50
Hesketh et al. (2015)50

Berglind & Tynelius (2017)56
Grzywacz et al. (2014)73
Byun et al. (2013)70
Byun et al. (2013)70

+
[Fisher et al. (2005)58
reported higher levels of ST in
spring compared to summer or
fall.]
[Wijtzes et al. (2013)65 reported
lower levels of ST in winter
compared to spring.]
+

Summary code for
association (+-)

2/7 (29%)

00

2/7 (29%)

00

-

Cardon & Bourdeaudhuij (2008)60
Vale et al. (2010)62
Hesketh et al. (2014)49
3 Williams et al. (2014)84

-

Carson et al. (2016)83

2/5 (40%)

??

Carson and Kuzik (2017)40
Dolinsky et al. (2011)68

2/4 (50%)

??

Vanderloo and Tucker (2015)77
Hesketh et al. (2014)49
Wijtzes et al. (2013)65
Schmutz et al. (2017)41
b Downing et al. (2017)36
g Downing et al. (2017)36
Schmutz et al. (2017)41
Byun et al. (2011)67
b Downing et al. (2017)36
g Downing et al. (2017)36
Dolinsky et al. (2011)68
Schmutz et al. (2017)41
Grzywacz et al. 201473

0/4 (0%)

00

0/3 (0%)

0

1/7 (14%)

00

+
(2013)70

[Byun et al.
associated
private and Montsoori
childcares with ST.]

Transport to childcare

Schmutz et al. (2017)41

Summary coding for
row (n/N for row; %)

Matarma et al. (2016)66
Hesketh et al. (2014)49
Schmutz et al. (2017)41
Grzywacz et al. (2014)73

Time in care

Home indoor environment

Found no association with children’s
sedentary time

+
[Schmutz et al. (2017)41
associated living area per
person with ST.]
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Weekly patterns (weekend days)

Association
(±)
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00

00

0/2 (0%)

0

[Byun et al., 2011 (67) associated distance to park,
safety on park and with ST.]

IX

0/5 (0%)

VIII

[Downing et al. (2017)36 associated neighbourhood
playground suitability, neighbourhood constrains to
active transport, number of features at home, lives in
cul-de-sac with ST. Grzywacz et al. (2014)73
associated walkability. Dolinsky et al. (2011)68
associated opportunities outdoor for gross motor play
with ST.
1/0 (100%)
0/3 (0%)
0

VII

3: pre-schoolers aged 3 years; 5: pre-schoolers aged 5 years; b: only for boys; g: only for girls.

00

VI

Park characteristics

1/11

V

Park usage

Schmutz et al. (2017)41
Downing et al., 2017b36
Downing et al., 2017g36
Byun et al., 2011 (67)
b Downing et al. (2017)36
g Downing et al. (2017)36
French et al. (2017)39
Grzywacz et al. (2014)73
Byun et al. (2011)67
Byun et al. (2011)67

0
0

IV

-

0/1 (0%)
0/2 (100%)

III

Grzywacz et al. (2014) 73

[Downing et al.
associated number of TV’s
at home, TV in the child’s bedroom, computer or egame on child’s bedroom, number of electronic
equipment at home with ST. Dolinsky et al. (2011)68
associated TV in the child’s bedroom with ST.]

II

+

(2017)36

I

Schmutz et al. (2017)41

[Schmutz et al. (2017)41
associated neighbourhood
safety with ST.]

Areas where dogs roam freely
Having a dog

0/9 (0%)

g

Home outdoor environment
Block characteristics
Spaces outside home

Downing et al. (2017)36
Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
Downing et al. (2017)36
Schmutz et al. (2017)41
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
b Downing et al. (2017)36
g Downing et al. (2017)36
Grzywacz et al. (2014)73
Dolinsky et al. (2011)68
b
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5.5. Discussion

The 45 studies included in this systematic review evaluated 84 potential correlates of
young children’s ST. The associations between child sex, sleep habits, daily patterns
(childcare vs non-childcare hours), and childcare type with ST was indeterminate.
Thirty-nine correlates (46.4%) were consistently not related. The remaining 41
potential correlates (48.8%) were examined only occasionally (<4 times) and so
findings were inconclusive. However, parental sedentary behaviour was reported three
times and maternal sedentary was reported once. Out of these four studies, three
indicated a positive association with ST37,66,76 (N=140, 1003 and 80, respectively) while
only one study reported no associations between parental sedentary behaviours and
child ST41 (N =394). Two of these 4 studies presented a low risk of bias. These findings
may be highlighted given that parental sedentary behaviour appeared to be positively
associated with their child’s ST. Ten out of the 45 studies (22%) included in this review
had a low risk of bias.
The importance of established PA or sedentary behaviour role models for
children has been pointed out by Tonge et al.33 in which authors evidenced the lack of
research on the influence of educators on children’s PA levels or ST during childcare.
In our review, parental or maternal sedentary behaviour levels were reported only
occasionally; however, the positive direction of the association might suggest that
parents with high levels of sedentary behaviours, either create and/or co-exist in
physical and social environments with their children that promote sedentary
behaviours, or predispose their children to higher levels of ST. These findings suggest
that parental and maternal levels of ST may have a unique behaviour role, since the
amount of time parents (either by themselves or together) spent watching TV or in PA
showed no association with the levels of ST of their children.36,41,51,66-68 However, from
the 4 studies that investigated associations between children’s ST and parental or
maternal sedentary behaviour, only 2 had low risk of bias. One of these studies had a
large sample (n=1003) and reported a positive association,37 whereas the other study
reported no association with children’s ST.41 This topic should be considered in future
research using high quality designs to improve the evidence quality. Parental levels
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(paternal and maternal combined) and only maternal levels had been previously
studied, three and one time, respectively. It may be interesting to assess the association
between paternal sedentary behaviour levels and their children ST, this is a gap in the
literature. Furthermore, studies on home and preschools’ environments, particular
communities or cities that rely on passive transport, and on heredity of sedentary
behaviour should be of interest, given that some research indicates that daily PA is
predominantly explained by environmental reasons rather than genetics.88
In Tonge et al.’s33 review, the outdoor environment was identified as the only
(negative) strong association of sedentary behaviour. According to our findings, it
seems that when the whole day is being considered, time spent outdoors does not
consistently appear to influence young children’s ST. Nevertheless, it is important to
point out that in Tonge’s review, the objectively measured sedentary behaviour
combined accelerometry and measures of direct observation, such as OSRAP
(Observation system for recording activity in preschools), while children attended
childcare centres. Therefore, direct comparisons should be made with caution.
Hinkley et al.’s34 systematic review on correlates of sedentary behaviour in
young children (3-5 years) presented their findings according to the type of sedentary
behaviour, when ST was objectively measured, its association with sex was
indeterminate. This finding aligns with ours. Hinkley’s review reported indeterminate
associations between TV viewing and child’s age, BMI, race and parental education,
whereas in the present review these correlates were classified as having no association
with ST. Also, in line with Hinkley’s review, time spent outdoors was not associated
with ST.
In a systematic review including older children (7-18 years), objectively
measured ST was positively associated with age but not with gender.89 A possible
explanation for the contrasting findings with our review could be due to developmental
differences between the age groups. The turning point from childhood to adolescence
can originate demographical, physiological, developmental, social, cultural,
psychological and environmental changes. These changes may increase ST90 and
decrease PA levels,91 which would likely influence the correlates of ST. Indeed,
correlates of ST differ along the lifespan.
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In previous studies, TV exposure has been associated with emotional
characteristics such as emotional reactivity, aggression and externalization, at the age
of 6-18 months.92 At age of 2-3 years’ higher levels of TV viewing led to higher risk
of peer victimisation during early school.93,94 Given the prospective nature of these
studies, TV viewing seems to be detrimental for subsequent emotional development
of young children, yet little is known about the influence of overall ST in this domain.
Indeed, in our review, the psychological, cognitive and emotional domain was the least
studied category of correlates. Therefore, future studies should address the possible
influence of ST in this domain to better understand the associations between both.
Nevertheless, other types of sedentary behaviour can positively affect young children’s
health. According to recent findings, reading and story-telling seem to be a type of
sedentary behaviour, favourably associated with cognitive development.95 This
indicates that correlates of favourable and detrimental ST might differ based on the
choice of activities that parents and educators think that are more appropriate for their
children’s development. Moreover, the environment where children spend the majority
of their time (either home or childcare) could also influence and develop the children’s
preference for a certain type of sedentary behaviour, and therefore, affect the direction
of the association with ST.
This review has several strengths: it was designed according to the PRISMA
statement; reviewed studies that objectively measured ST throughout the whole day
and followed a framework that was used in previous reviews of the same topic,
providing a clear organization of the reported findings. Nevertheless, our review is not
without limitations. Only 40% of the retrieved studies selected the sample randomly.
The majority of the studies were unable to draw a representative sample of the
population. Also, the disparity between sample sizes and methodologies used to assess
ST (epoch lengths, wear time criteria, and devices/cut-off values) could also
potentially contribute to bias the findings.
The different methodological decisions regarding accelerometry procedures
may affect the findings. For example, ST captured by different brands of
accelerometers might give different estimations.96 Moreover, the use of different cutpoints and respective epochs might also influence the ST estimation.97 The cut-point
25c/15 for ActiGraph accelerometer was the most used on the included studies, being

137

Chapter

I

II

III

IV

V

VI

VII

VIII

IX

one of the lowest cut-points and one of the most accurate. A significant portion of the
included studies used higher cut-points which will overestimate ST.16
The site where the accelerometer is placed also impacts the ST estimation.
Waist-mounted accelerometers may fail to record the posture or energy cost of static
light intensity activities, including standing relatively still and may consequently
overestimate ST.98 Thigh-mounted inclinometers, or the combination of a waistmounted accelerometer with a wrist-mounted accelerometer, may be viable solutions
in further studies.98 Alternative data analysis to cut-points, such as machine learning
approaches, might be a valid solution for this issue.99
Data reduction with regards to minimum wear-time is another issue, and the
disparity of wear-time criteria within the retrieved studies may have biased the
findings.
The method used to identify the direction and strength of the correlate might
be debatable. Identifying correlates through the consistency of the association instead
of using the strength of the association, may under or overestimate the direction of the
association. In addition, the studies retrieved for this review used a variety of methods
to analyse results. Some studies used bivariate analyses (t-test and correlation), while
others used multivariate analyses (regressions or multi-level). When covariates were
adjusted for multivariate analyses, the likelihood of not finding a significant
association appeared to increase, and this may have influenced the results. For
example, a study using linear regression with several cofounders, found associations
between sex and ST.70 However, a second study found no differences between boys
and girls when a t-test was performed.71 Although the direction of association for sex
was different in both studies, it is not possible to know if the discrepancy of the results
were due to the study design issues, sample characteristics, or to different statistical
methods itself.
Meta-analyses were not performed given the high levels of heterogeneity of the
correlates, study designs and statistical analyses of the included studies.
Lastly, it is difficult to determine causality or the temporal nature of the
associations from studies of cross-sectional correlates. While some correlates may be
determinates that predict later ST, others may be the consequence of ST. Further
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longitudinal studies with data collected at multiple time points would assist in
understanding reverse causality.

5.6. Conclusion

Despite reviewing 45 studies, which evaluated the associations for 84 correlates, this
review was unable to identify any consistent correlates of ST in young children.
Associations for 39 correlates were consistently null, 41 were examined too
occasionally and 4 were indeterminate. Nevertheless, it is likely that parental and
maternal sedentary behaviour would be positively associated with their child’s ST.
Therefore, more research in this topic is needed to corroborate this idea.

139

Chapter

I

II

III

IV

V

VI

VII

VIII

IX

5.7. References

1.

Tremblay MS, Aubert S, Barnes JD, et al. Sedentary Behavior Research

Network (SBRN) - Terminology Consensus Project process and outcome. Int J Behav
Nutr Phys Act. 2017;14(1):75.
2.

Ekelund U, Steene-Johannessen J, Brown WJ, et al. Does physical activity

attenuate, or even eliminate, the detrimental association of sitting time with mortality?
A harmonised meta-analysis of data from more than 1 million men and women.
Lancet. 2016;388(10051):1302-1310.
3.

Cliff DP, Hesketh KD, Vella SA, et al. Objectively measured sedentary

behaviour and health and development in children and adolescents: systematic review
and meta-analysis. Obes Rev. 2016;17(4):330-344.
4.

Chastin SF, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined Effects

of Time Spent in Physical Activity, Sedentary Behaviors and Sleep on Obesity and
Cardio-Metabolic Health Markers: A Novel Compositional Data Analysis Approach.
PLoS One. 2015;10(10):e0139984.
5.

Carson V, Tremblay MS, Chaput JP, Chastin SF. Associations between sleep

duration, sedentary time, physical activity, and health indicators among Canadian
children and youth using compositional analyses. Appl Physiol Nutr Metab. 2016;41(6
Suppl 3):S294-302.
6.

Carson V, Tremblay MS, Chastin SFM. Cross-sectional associations between

sleep duration, sedentary time, physical activity, and adiposity indicators among
Canadian preschool-aged children using compositional analyses. BMC Public Health.
2017;17(Suppl 5):848.
7.

LeBlanc AG, Spence JC, Carson V, et al. Systematic review of sedentary

behaviour and health indicators in the early years (aged 0-4 years). Appl Physiol Nutr
Metab. 2012;37(4):753-772.
8.

Poitras VJG, C. E.; Janssen, X.; Aubert, S.; Carson, V.; Faulkner, G.;

Goldfield, G.; Reilly, J. J.; Sampson, M.; Tremblay, M. S. Systematic review of the
relationships between sedentary behaviors and health indicators in the early years
(aged 0-4 years). BMC Public Health. 2017.

140

Correlates of sedentary time in young children: A systematic review

9.

Downing KL, Hnatiuk J, Hesketh KD. Prevalence of sedentary behavior in

children under 2years: A systematic review. Prev Med. 2015;78:105-114.
10.

Bringolf-Isler B, Mader U, Ruch N, Kriemler S, Grize L, Braun-Fahrlander C.

Measuring and validating physical activity and sedentary behavior comparing a
parental questionnaire to accelerometer data and diaries. Pediatr Exerc Sci.
2012;24(2):229-245.
11.

Lee IM, Shiroma EJ. Using accelerometers to measure physical activity in

large-scale epidemiological studies: issues and challenges. Br J Sports Med.
2014;48(3):197-201.
12.

Dunstan DW, Thorp AA, Healy GN. Prolonged sitting: is it a distinct coronary

heart disease risk factor? Curr Opin Cardiol. 2011;26(5):412-419.
13.

Wijndaele K, Westgate K, Stephens SK, et al. Utilization and Harmonization

of Adult Accelerometry Data: Review and Expert Consensus. Med Sci Sports Exerc.
2015;47(10):2129-2139.
14.

Davies G, Reilly JJ, McGowan AJ, Dall PM, Granat MH, Paton JY. Validity,

practical utility, and reliability of the activPAL in preschool children. Med Sci Sports
Exerc. 2012;44(4):761-768.
15.

Van Cauwenberghe E, Gubbels J, De Bourdeaudhuij I, Cardon G. Feasibility

and validity of accelerometer measurements to assess physical activity in toddlers. Int
J Behav Nutr Phys Act. 2011;8:67.
16.

Janssen X, Cliff DP, Reilly JJ, et al. Predictive validity and classification

accuracy of ActiGraph energy expenditure equations and cut-points in young children.
PLoS One. 2013;8(11):e79124.
17.

Costa S, Barber SE, Griffiths PL, Cameron N, Clemes SA. Qualitative

feasibility of using three accelerometers with 2-3-year-old children and both parents.
Res Q Exerc Sport. 2013;84(3):295-304.
18.

Adolph AL, Puyau MR, Vohra FA, Nicklas TA, Zakeri IF, Butte NF.

Validation of uniaxial and triaxial accelerometers for the assessment of physical
activity in preschool children. J Phys Act Health. 2012;9(7):944-953.
19.

Janssen X, Cliff D, Reilly J, et al. Evaluation of Actical equations and

thresholds to predict physical activity intensity in young children. J Sports Sci.
2015;33(5):498-506.

141

Chapter

20.

I

II

III

IV

V

VI

VII

VIII

IX

Johansson E, Larisch L-M, Marcus C, Hagströmer M. Calibration and

Validation of a Wrist- and Hip-Worn Actigraph Accelerometer in 4-Year-Old
Children. PLoS ONE. 2016;11(9):e0162436-e0162436.
21.

Pate RR, Almeida MJ, McIver KL, Pfeiffer KA, Dowda M. Validation and

calibration of an accelerometer in preschool children. Obesity (Silver Spring).
2006;14(11):2000-2006.
22.

Trost SG, Fees BS, Haar SJ, Murray AD, Crowe LK. Identification and

Validity

of

Accelerometer

Cut-Points

for

Toddlers.

Obesity

(19307381).

2012;20(11):2317-2319.
23.

Butte NF, Wong WW, Lee JS, Adolph AL, Puyau MR, Zakeri IF. Prediction

of Energy Expenditure and Physical Activity in Preschoolers. Med Sci Sports Exerc.
2014;46(6):1216-1226.
24.

Pfeiffer KA, McIver KL, Dowda M, Almeida MJ, Pate RR. Validation and

calibration of the Actical accelerometer in preschool children. Med Sci Sports Exerc.
2006;38(1):152-157.
25.

Janssen X, Cliff DP, Reilly JJ, et al. Validation of activPAL defined sedentary

time and breaks in sedentary time in 4- to 6-year-olds. Pediatr Exerc Sci.
2014;26(1):110-117.
26.

Johansson E, Ekelund U, Nero H, Marcus C, Hagstromer M. Calibration and

cross-validation of a wrist-worn Actigraph in young preschoolers. Pediatr Obes.
2015;10(1):1-6.
27.

Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration of

two objective measures of physical activity for children. J Sports Sci.
2008;26(14):1557-1565.
28.

Pereira JR, Cliff DP, Sousa-Sa E, Zhang Z, Santos R. Prevalence of objectively

measured sedentary behavior in early years: Systematic review and meta-analysis.
Scand J Med Sci Sports. 2019;29(3):308-328.
29.

Certain LK, Kahn RS. Prevalence, correlates, and trajectory of television

viewing among infants and toddlers. Pediatrics. 2002;109(4):634-642.
30.

Jones RA, Hinkley T, Okely AD, Salmon J. Tracking physical activity and

sedentary behavior in childhood: a systematic review. Am J Prev Med.
2013;44(6):651-658.

142

Correlates of sedentary time in young children: A systematic review

31.

Janz KF, Burns TL, Levy SM, Iowa Bone Development S. Tracking of activity

and sedentary behaviors in childhood: the Iowa Bone Development Study. Am J Prev
Med. 2005;29(3):171-178.
32.

Kelly LA, Reilly JJ, Jackson DM, Montgomery C, Grant S, Paton JY. Tracking

physical activity and sedentary behavior in young children. Pediatr Exerc Sci.
2007;19(1):51-60.
33.

Tonge KL, Jones RA, Okely AD. Correlates of children's objectively measured

physical activity and sedentary behavior in early childhood education and care
services: A systematic review. Prev Med. 2016;89:129-139.
34.

Hinkley T, Salmon J, Okely AD, Trost SG. Correlates of sedentary behaviours

in preschool children: a review. Int J Behav Nutr Phys Act. 2010;7:66.
35.

Santos R, Zhang Z, Pereira JR, Sousa-Sa E, Cliff DP, Okely AD. Compliance

with the Australian 24-hour movement guidelines for the early years: associations with
weight status. BMC Public Health. 2017;17(Suppl 5):867.
36.

Downing KL, Hinkley T, Salmon J, Hnatiuk JA, Hesketh KD. Do the correlates

of screen time and sedentary time differ in preschool children? BMC Public Health.
2017;17(1):285.
37.

Barkin SL, Lamichhane AP, Banda JA, et al. Parent's Physical Activity

Associated With Preschooler Activity in Underserved Populations. Am J Prev Med.
2017;52(4):424-432.
38.

Duraccio KM, Jensen CD. Associations between physical and sedentary

activity regularity and sleep in preschoolers and kindergartners. Sleep Health.
2017;3(4):263-268.
39.

French SA, Sherwood NE, Mitchell NR, Fan Y. Park use is associated with less

sedentary time among low-income parents and their preschool child: The NET-Works
study. Prev Med Rep. 2017;5:7-12.
40.

Carson V, Kuzik N. Demographic correlates of screen time and objectively

measured sedentary time and physical activity among toddlers: a cross-sectional study.
BMC Public Health. 2017;17(1):187.
41.

Schmutz EA, Leeger-Aschmann CS, Radtke T, et al. Correlates of preschool

children’s objectively measured physical activity and sedentary behavior: a crosssectional analysis of the SPLASHY study. Int J Behav Nutr Phys Act. 2017;14.

143

Chapter

42.

I

II

III

IV

V

VI

VII

VIII

IX

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting

systematic reviews and meta-analyses of studies that evaluate healthcare interventions:
explanation and elaboration. BMJ. 2009;339:b2700.
43.

Brase CaBC. Normal curves and sampling distribution. In: Taylor M. CJ,

Hogan S. W., et al, ed. Understanding basic statistics. Boaton MA: Cengage Learning
2013.
44.

Hnatiuk JA, Salmon J, Hinkley T, Okely AD, Trost S. A review of preschool

children's physical activity and sedentary time using objective measures. Am J Prev
Med. 2014;47(4):487-497.
45.

Obeid J, Nguyen T, Gabel L, Timmons BW. Physical activity in Ontario

preschoolers: prevalence and measurement issues. Appl Physiol Nutr Metab.
2011;36(2):291-297.
46.

Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of physical activity

of children and adolescents. Med Sci Sports Exerc. 2000;32(5):963-975.
47.

Hinkley T, Crawford D, Salmon J, Okely AD, Hesketh K. Preschool children

and physical activity: a review of correlates. Am J Prev Med. 2008;34(5):435-441.
48.

Collings PJ, Brage S, Ridgway CL, et al. Physical activity intensity, sedentary

time, and body composition in preschoolers. Am J Clin Nutr. 2013;97(5):1020-1028.
49.

Hesketh KR, McMinn AM, Ekelund U, et al. Objectively measured physical

activity in four-year-old British children: a cross-sectional analysis of activity patterns
segmented across the day. Int J Behav Nutr Phys Act. 2014;11:1.
50.

Hesketh KR, Griffin SJ, van Sluijs EMF. UK Preschool-aged children’s

physical activity levels in childcare and at home: a cross-sectional exploration. Int J
Behav Nutr Phys Act. 2015;12.
51.

Hnatiuk JA, Hesketh KR, van Sluijs EMF. Correlates of home and

neighbourhood-based physical activity in UK 3-4-year-old children. European
Journal Of Public Health. 2016.
52.

Collings PJ, Brage S, Bingham DD, et al. Physical Activity, Sedentary Time,

and Fatness in a Biethnic Sample of Young Children. Medicine and Science in Sports
and Exercise. 2017.

144

Correlates of sedentary time in young children: A systematic review

53.

Johansson E, Hagstromer M, Svensson V, et al. Objectively measured physical

activity in two-year-old children - levels, patterns and correlates. Int J Behav Nutr Phys
Act. 2015;12:3.
54.

Berglind D, Hansson L, Tynelius P, Rasmussen F. Levels and Patterns of

Objectively Measured Physical Activity and Sedentary Time in Four-Year-Old
Swedish Children. Journal Of Physical Activity & Health. 2016:1-23.
55.

Leppanen MH, Nystrom CD, Henriksson P, et al. Physical activity intensity,

sedentary behavior, body composition and physical fitness in 4-year-old children:
results from the ministop trial. Int J Obes (Lond). 2016;40(7):1126-1133.
56.

Berglind D, Tynelius P. Objectively measured physical activity patterns,

sedentary time and parent-reported screen-time across the day in four-year-old
Swedish children. BMC Public Health. 2017;18:1-9.
57.

Fisher A, Reilly JJ, Kelly LA, et al. Fundamental movement skills and habitual

physical activity in young children. Med Sci Sports Exerc. 2005;37(4):684-688.
58.

Fisher A, Reilly JJ, Montgomery C, et al. Seasonality in Physical Activity and

Sedentary Behavior in Young Children. Pediatric Exercise Science. 2005;17(1):31.
59.

Kelly LA, Reilly JJ, Fisher A, et al. Effect of socioeconomic status on

objectively measured physical activity. Arch Dis Child. 2006;91(1):35-38.
60.

Cardon GM, De Bourdeaudhuij IM. Are preschool children active enough?

Objectively measured physical activity levels. Res Q Exerc Sport. 2008;79(3):326332.
61.

Van Cauwenberghe E, De Craemer M, De Decker E, De Bourdeaudhuij I,

Cardon G. The impact of a teacher-led structured physical activity session on
preschoolers' sedentary and physical activity levels. Journal Of Science And Medicine
In Sport / Sports Medicine Australia. 2013;16(5):422-426.
62.

Vale S, Silva P, Santos R, Soares-Miranda L, Mota J. Compliance with

physical activity guidelines in preschool children. J Sports Sci. 2010;28(6):603-608.
63.

Mota J, Silva Dos Santos S, Santos A, Seabra A, Vale S. Association between

sedentary behavior time and waist-to-height ratio in preschool children. Am J Hum
Biol. 2016;28(5):746-748.

145

Chapter

64.

I

II

III

IV

V

VI

VII

VIII

IX

Bürgi F, Meyer U, Niederer I, et al. Socio-cultural determinants of adiposity

and physical activity in preschool children: A cross-sectional study. BMC Public
Health. 2010;10.
65.

Wijtzes AI, Kooijman MN, Kiefte-de Jong JC, et al. Correlates of physical

activity in 2-year-old toddlers: the generation R study. The Journal Of Pediatrics.
2013;163(3):791-799.e791-792.
66.

Matarma T, Tammelin T, Kulmala J, Koski P, Hurme S, Lagström H. Factors

associated with objectively measured physical activity and sedentary time of 5–6-yearold children in the STEPS Study. Early Child Development and Care. 2016:1-11.
67.

Byun W, Dowda M, Pate RR. Correlates of objectively measured sedentary

behavior in US preschool children. Pediatrics. 2011;128(5):937-945.
68.

Dolinsky DH, Brouwer RJ, Evenson KR, Siega-Riz AM, Ostbye T. Correlates

of sedentary time and physical activity among preschool-aged children. Prev Chronic
Dis. 2011;8(6):A131.
69.

Espana-Romero V, Mitchell JA, Dowda M, O'Neill JR, Pate RR. Objectively

measured sedentary time, physical activity and markers of body fat in preschool
children. Pediatr Exerc Sci. 2013;25(1):154-163.
70.

Byun W, Blair SN, Pate RR. Objectively measured sedentary behavior in

preschool children: comparison between Montessori and traditional preschools. Int J
Behav Nutr Phys Act. 2013;10:2.
71.

Byun W, Liu J, Pate RR. Association between objectively measured sedentary

behavior and body mass index in preschool children. Int J Obes (Lond).
2013;37(7):961-965.
72.

Ruiz RM, Tracy D, Sommer EC, Barkin SL. A novel approach to characterize

physical activity patterns in preschool-aged children. Obesity (Silver Spring).
2013;21(11):2197-2203.
73.

Grzywacz JG, Suerken CK, Zapata Roblyer MI, et al. Physical activity of

preschool-aged Latino children in farmworker families. Am J Health Behav.
2014;38(5):717-725.
74.

Butte NF, Puyau MR, Wilson TA, et al. Role of physical activity and sleep

duration in growth and body composition of preschool-aged children. Obesity (Silver
Spring, Md). 2016;24(6):1328-1335.

146

Correlates of sedentary time in young children: A systematic review

75.

Tandon PS, Saelens BE, Copeland KA. A comparison of parent and childcare

provider's attitudes and perceptions about preschoolers' physical activity and outdoor
time. Child: Care, Health and Development. 2016.
76.

Ruiz R, Gesell SB, Buchowski MS, Lambert W, Barkin SL. The relationship

between hispanic parents and their preschool-aged children's physical activity.
Pediatrics. 2011;127(5):888-895.
77.

Vanderloo LM, Tucker P. An objective assessment of toddlers' physical

activity and sedentary levels: a cross-sectional study. BMC Public Health.
2015;15:969.
78.

Caldwell HA, Proudfoot NA, King-Dowling S, Di Cristofaro NA, Cairney J,

Timmons BW. Tracking of physical activity and fitness during the early years. Appl
Physiol Nutr Metab. 2016;41(5):504-510.
79.

Carson V, Rahman AA, Wiebe SA. Associations of subjectively and

objectively measured sedentary behavior and physical activity with cognitive
development in the early years. Mental Health and Physical Activity. 2017;13:1-8.
80.

Larouche R, Garriguet D, Tremblay MS. Outdoor time, physical activity and

sedentary time among young children: The 2012-2013 Canadian Health Measures
Survey. Canadian Journal Of Public Health = Revue Canadienne De Sante Publique.
2017;107(6):e500-e506.
81.

Cliff DP, Okely AD, Smith LM, McKeen K. Relationships between

fundamental movement skills and objectively measured physical activity in preschool
children. Pediatr Exerc Sci. 2009;21(4):436-449.
82.

Mickle KJ, Cliff DP, Munro BJ, Okely AD, Steele JR. Relationship between

plantar pressures, physical activity and sedentariness among preschool children. J Sci
Med Sport. 2011;14(1):36-41.
83.

Carson V, Salmon J, Crawford D, Hinkley T, Hesketh KD. Longitudinal levels

and bouts of objectively measured sedentary time among young Australian children in
the HAPPY study. Journal of Science and Medicine in Sport. 2016;19(3):232-236.
84.

Williams SM, Farmer VL, Taylor BJ, Taylor RW. Do More Active Children

Sleep More? A Repeated Cross-Sectional Analysis Using Accelerometry. PLoS ONE.
2014;9(4).

147

Chapter

85.

I

II

III

IV

V

VI

VII

VIII

IX

Herrmann D, Buck C, Sioen I, et al. Impact of physical activity, sedentary

behaviour and muscle strength on bone stiffness in 2-10-year-old children-crosssectional results from the IDEFICS study. Int J Behav Nutr Phys Act. 2015;12:112.
86.

Burgi F, Meyer U, Niederer I, et al. Socio-cultural determinants of adiposity

and physical activity in preschool children: A cross-sectional study. Bmc Public
Health. 2010;10.
87.

Mota J, Soares-Miranda L, Silva JME, Dos Santos SS, Vale S. Influence of

body fat and level of physical activity on rate-pressure product at rest in preschool
children. American Journal of Human Biology. 2012;24(5):661-665.
88.

Fisher A, Smith L, van Jaarsveld CH, Sawyer A, Wardle J. Are children's

activity levels determined by their genes or environment? A systematic review of twin
studies. Prev Med Rep. 2015;2:548-553.
89.

Temmel CR, R. Correlates of Sedentary Behaviour in Children and

Adolescents Aged 7-18: A Systematic Review. Health & Fitness Journal of Canada.
2013;6(1):81.
90.

Pearson N, Haycraft E, J PJ, Atkin AJ. Sedentary behaviour across the primary-

secondary school transition: A systematic review. Prev Med. 2017;94:40-47.
91.

Dumith SC, Gigante DP, Domingues MR, Kohl HW, 3rd. Physical activity

change during adolescence: a systematic review and a pooled analysis. Int J Epidemiol.
2011;40(3):685-698.
92.

Chonchaiya W, Sirachairat C, Vijakkhana N, Wilaisakditipakorn T,

Pruksananonda C. Elevated background TV exposure over time increases behavioural
scores of 18-month-old toddlers. Acta Paediatr. 2015;104(10):1039-1046.
93.

Pagani LS, Fitzpatrick C, Barnett TA. Early childhood television viewing and

kindergarten entry readiness. Pediatr Res. 2013;74(3):350-355.
94.

Watt E, Fitzpatrick C, Derevensky JL, Pagani LS. Too Much Television?

Prospective Associations Between Early Childhood Televiewing and Later Selfreports of Victimization by Sixth Grade Classmates. J Dev Behav Pediatr.
2015;36(6):426-433.
95.

Poitras VJ, Gray CE, Janssen X, et al. Systematic review of the relationships

between sedentary behaviour and health indicators in the early years (0-4 years). BMC
Public Health. 2017;17(Suppl 5):868.

148

Correlates of sedentary time in young children: A systematic review

96.

Vanderloo LM, Di Cristofaro NA, Proudfoot NA, Tucker P, Timmons BW.

Comparing the Actical and ActiGraph Approach to Measuring Young Children's
Physical Activity Levels and Sedentary Time. Pediatr Exerc Sci. 2016;28(1):133-142.
97.

Banda JA, Haydel KF, Davila T, et al. Effects of Varying Epoch Lengths, Wear

Time Algorithms, and Activity Cut-Points on Estimates of Child Sedentary Behavior
and Physical Activity from Accelerometer Data. PLoS One. 2016;11(3):e0150534.
98.

Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity

assessments in field-based research. Med Sci Sports Exerc. 2005;37(11 Suppl):S531543.
99.

Trost SG, Cliff DP, Ahmadi MN, Tuc NV, Hagenbuchner M. Sensor-enabled

Activity Class Recognition in Preschoolers: Hip versus Wrist Data. Med Sci Sports
Exerc. 2018;50(3):634-641.
.

149

Chapter VI
Study 3

Concurrent validity of the ActiGraph GT3X+ and activPAL for
assessing sedentary behaviour in 2-3-years-old children under freeLiving conditions

6. Concurrent validity of the ActiGraph
GT3X+
sedentary

and

activPAL

behaviour

in

for

assessing

2-3-Year-Old

children under free-living conditions
Pereira, J.R.1,2 Sousa-Sá, E.1 Zhang, Z.1 Cliff, D.P.1,3 and Santos, R. 1,4,5

1. Early Start, Faculty of Social Sciences, University of Wollongong, NSW,
Australia
2. Research Unit for Sport and Physical Activity – CIDAF – University of
Coimbra, Portugal.
3. Illawarra Health and Medical Research Institute – IHMRI – University of
Wollongong.
4. Research Centre in Physical Activity, Health and Leisure – CIAFEL –
University of Porto, Portugal.
5. Universidade Lusófona de Humanidades e Tecnologias. Portugal.

Journal: Pereira JR, Sousa-Sa E, Zhang Z, Cliff DP, Santos R. Concurrent validity of
the ActiGraph GT3X+ and activPAL for assessing sedentary behaviour in 2-3-yearold children under free-living conditions. J Sci Med Sport. 2020;23(2):151-156.
(Published)
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6.1. Abstract

Background: ActiGraph accelerometer cut-points are commonly used to classify
sedentary behaviour (SB) in young children. However, they vary from 5counts/5s to
301counts/15s, resulting in different estimates and inconsistent findings. The aim was
to examine the concurrent validity of ActiGraph GT3X+ cut-points against the
activPAL for measuring SB in 2-3-year-olds during free-living conditions.
Methods: Sixty children were fitted with the activPAL and ActiGraph simultaneously
for at least 2h. Nine ActiGraph cut-points ranging from 60 to 1488 counts per minute
were used to derive SB. Bland & Altman plots and equivalent tests were performed to
assess agreement between methods.
Results: Estimates of SB according to the different ActiGraph cut-points were not
within the activPAL ±10% equivalent interval (-4.05; 4.05%). The ActiGraph cutpoints that showed the lower bias were 48counts/15s (equivalence lower limit: p=
0.597; equivalence upper limit: p<0.001; bias: -4.46%; limits of agreement [LoA]: 21.07 to 30.00%) and 5counts/5s (equivalence lower limit: p<0.001; equivalence upper
limit: p= 0.737; bias: -5.11%; LoA: 30.43 to 20.20%). For the 25counts/15s,
37counts/15s and 48counts/15s ActiGraph cut-points, the upper limits were within the
equivalent interval (p<0.001) but not the lower limits (p>0.05). When using the
5counts/5s and 181counts/15s ActiGraph cut-points, lower limits were within the
equivalent interval (p<0.001) but not the upper limits (p>0.05). Confidence intervals
of the remaining ActiGraph cut-points lie outside the equivalent interval.
Conclusions: Although none of the ActiGraph cut-points provided estimates of SB
that were equivalent to activPAL; estimates from 48counts/15s and 5counts/5s
displayed the smallest mean bias (~5%).
Keywords: Toddler; Sitting Time; Activity Device; Equivalence.
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6.2. Introduction

Advances in understanding behavioural epidemiology of sitting or sedentary
behaviour (SB) are, in large part, due to advances in activity monitor technology,1
which address several of the limitations associated with self- or parent-report
measures.2 Accelerometery-based activity monitors that collect time-stamped posture
and activity information are becoming increasingly affordable3 and have showed
adequate validity in young children.4-6 Objective devices allow the quantification of
overall levels of sedentary time over entire days or during specific segments of the
day, such as during childcare-hours. Objective measures are, therefore, ideal for
investigating levels and patterns of SB in young children, given their precision and
because they do not rely on recall memory.
There are several accelerometers available to measure SB or sitting time in
young children. The ActiGraph (ActiGraph. Pensacola, Florida, USA) is typically
worn on the right hip and is the most commonly used activity monitor in studies with
children. This monitor is valid, reliable and feasible to use in children as young as 2years.5-8 Nevertheless, the accuracy of the available sedentary ActiGraph cut-points for
toddlers is still debatable. Some cut-points have been validated for toddlers,7-9
however, others that have been validated for pre-schoolers are also used in toddlers. 1013

Methodologies to develop cut-points in young children varied. Different age groups,

samples sizes, activity protocols or criterion measure might result in considerable
differences in estimates of SB.14,15 The ActiGraph SB cut-points for young children
range from 5counts/5s 8 to 301counts/15s.16 Thus, compare outcomes between studies
is challenging.
In a validation and cross-validation study, Trost et al.7 compared several
ActiGraph SB cut-points on 18 toddlers that were videotaped during 20min while
wearing the accelerometer. Results indicated that lower cut-points might provide more
accurate measures of SB than higher cut-points. However, the short duration of
observation in that study resulted in children spending only 2min (10%) of time in SB
and so, further research with larger periods of SB are needed to confirm which cutpoints might be most suitable in 2-3year-olds. Another issue of hip-mounted
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accelerometer (and respective cut-points) is the difficulty in distinguish standing still
from sitting.15 Unlike this typical method, activPAL (PAL technologies ltd. Glasgow,
UK) is fitted on the thigh and classifies SB based on the angle of the limb, overcoming
this limitation and providing more accurate estimates of SB in children than several
other objective monitoring approaches.17 This device has been validated in children.1720

Thus, the aim of this study was to examine the concurrent validity of hipmounted ActiGraph GT3X+ cut-points with the thigh-mounted activPAL for
measuring SB in 2-3-year-olds under free-living conditions.

6.3. Methods

Participant data were collected as part of the Get-Up! Study.21 Data for the present
report was gathered at follow up (2017) in 60 healthy 2-3-year-olds (50% boys) aged
22 to 42 months. Of the 242 young children observed on the follow-up data collection,
33 were not compliant with wearing one or both devices and 149 had less than two
hours of monitoring for both devices simultaneously, and were therefore, excluded
from the current analyses.
The Get-Up! Study was approved by the University of Wollongong’s Human
Research Ethics Committee (HE15/236), conducted in accordance with the Helsinki
Declaration for Human Studies and registered in the Australian and New Zealand
Clinical Trials Registry (ACTRN12616000471482, 11/04/ 2016, retrospectively
registered). Parents or guardians of the participating children gave informed written
consent.
Participating 2-3-year-olds wore the activPAL and ActiGraph GT3X+
simultaneously for one day. They were fitted both devices simultaneously when they
arrived at their childcare centre. At the end of the day, prior to leaving the childcare
centre the activPAL was removed (and the ActiGraph was left on the child to be used
for 24h/day over 7 consecutive days). Activity logs were used to record valid
monitoring time as well as nap times. Both devices were initialized to start monitoring
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at the same time and the placement time of both monitors was recorded by a research
team member, whereas nap times (where applicable) and the monitoring end times for
each day were recorded by an educator on an activity log. Educators were instructed
to avoid removing the devices, except for water-based activities. Educators were also
asked to encourage children to wear both devices and keep them on throughout the
day.
ActiGraph: Levels of SB over a usual week were measured using ActiGraph
GT3X+ accelerometers. ActiGraphs are small, light and unobtrusive devices worn on
a belt around the waist. These accelerometers have established validity and utility in
young children.5,7 These devices collected very high frequency raw data (30 Hz) and
were reintegrated into different epochs and analysed according to specific cut-points
(Table 6.1).

Table 6.1. ActiGraph sedentary behaviour cut-points for toddlers and pre-schoolers.
Author

Cut-off Point

Sample

Criterion Measure

Activities

Costa
(2013)
Evenson
(2008)

5counts/5s
(60cpm)
25counts/15s
(100cpm)

n = 18
Age: 2-3 y
n=33
Age: 5-8 y

Direct observation (CARS)

Free play session.

Portable metabolic system

Pate
(2006)
Trost
(2012)

37counts/15s
(148 cpm)
48counts/15s
(192 cpm)

n = 29
Age: 3-5 y
n = 22
Age: 16-35 m

Portable metabolic system

Sit, watch TV, colouring in,
slow walk, stair climbing,
dribble basketball, brisk
walk, bicycling, jumping
jacks, running.
Rest, slow walking, brisk
walk and running.
Free play session.

Kelly
(2016)
Pate
(2006)
Reilly
(2003)
Sirad
(2005)

181counts/15s
(724 cpm)
200counts/15s
(800 cpm)
1100counts/60s
(1100cpm)
301counts/15s
(1204 cpm)

n=23
Age: 12-36 m
n = 29
Age: 3-5 y
n = 30
Age: 3-4 y
n = 33
Age: 3 y

Direct Observation (CPAF)

Van Cauwenberghe
(2011)

372counts/15s
(1488 cpm)

n = 18
Age: 4-6 y

Direct observation (CARS)
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Direct observation (CARS)

Portable metabolic system
Direct Observation (CPAF)
Direct observation (CARS)

Adult-led structured physical
activity class.
Rest, slow walking, brisk
walk and running.
Free play session.
Sitting, sitting and playing,
slow walking, fast walking,
jogging.
Sitting, standing, drawing,
walking, jogging at seven
speed levels, free play
session.
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ActivPAL: In the current study, this device was used to capture total time spent
sitting/lying during the period that children attended the childcare centre. The
activPAL is a small (53 x 35 x 7mm) and lightweight (15g) device, placed on the front
of the right thigh (using a small hypo-allergenic adhesive gel patch and covered with
a sticky film to secure it) allowing it to measure different postures (i.e. sitting and
standing). For the preschool age group under free living conditions this device had
acceptable validity, practical utility and reliability for measurement of posture and
activity.4 On a study with thirty pre-schoolers, the median sensitivity for activPAL
sit/lie was 92% (interquartile range (IQR): 76.1% - 97.4%; minimum: 44.7%),
specificity was 97.3 (IQR: 94.9% - 99.2%; minimum: 88.3%) and positive predicted
value was 97.0% (IQR: 91.5% - 99.1%; minimum 83.8%). On an individual child
basis, the median onscreen time spent in sit/lie was 43% (IQR = 30.2 – 50.9%) and
activPAL underestimated total time spent sitting compared to direct observation (mean
difference: 4.4%; paired test, p<0.01).4 With a sample of forty 4-6-year-olds this
device has shown to be a valid measurement tool for discriminating between different
postures (categorized as sit/lie, stand or walk) in young children, based on the thigh
movement/acceleration.22 Good accuracy for sit/lie between activPAL and direct
observation (ROC-AUC = 0.84), and mean difference of 5.9 (95% confidence interval:
0.6 – 11.1%) was reported, and no significant difference was found between the
activPAL predicted time spent in sit/lie and direct observation defined time in sit/lie
(p=0.58).22
ActiGraph data files were visually inspected minute by minute, considering the
activity logs and the inclinometer function in order to identify nap(s). Nap beginning
was initially located when a change in the accelerometer output from the sitting or
standing position to the lying or off position was detected,23 which should roughly
agree with the nap times registered in the activity logs. Non-wear time recorded on the
activity Log was erased from the file. Data prior wearing the acticPAL and data after
removing it was erased from the ActiGraph files. Nap and non-wear times from
ActiGraph files were applied to activPAL files. Participants had to have at least 2 hours
of simultaneous monitoring to be included in the analysis.
After these processes, each participants’ Actigraph and activPAL data were
checked to assure they were worn simultaneously (i.e., data matched for day and time).

159

Chapter

I

II

III

IV

V

VI

VII

VIII

IX

When data from both devices did not match, the participant was excluded from
analyses. Using synchronised data, the percentage of time spent in SB was calculated
(Actilife Data Analysis software v6.12.1) for ActiGraph according to different
established cut-points that were validated for toddlers (5counts/5s (Costa)8;
48counts/15s (Trost)7 and 181counts/15s (Kelly)9) or were validated for older children
and then applied to toddlers (25counts/15s (Evenson)10; 37counts/15s (Pate)11;
200counts/15s

(Pate)11;

1100counts/60s

(Reilly)12;

301counts/15s

(Sirad)16;

372counts/15s (Van Cauwenberghe)13). The activPAL software v7.2.37 and a
processing macro were used to calculate the percentage of time spent sitting captured
by the activPAL device.
This project also collected demographic data such as, body mass index (BMI), waist
circumference, height, sex and age, using standardized protocols and procedures, as
described elsewhere.21
Descriptive statistics were calculated for all variables, as means and standard
deviations (SD). Bland & Altman plots24 were used to assess differences between
methods (bias) and limits of agreement (LoA) between ActiGraph cut-points and
activPAL estimates of sitting time at the individual level. Bias were checked for
normal distribution with Kolmogov-Smirnov tests. As all differences were normally
distributed, no variable transformations were performed and therefore, Bland &
Altman plots assumptions were verified.
The equivalence of SB estimates between different ActiGraph cut-points and
sitting time given by activPAL was examined at the group level using the 95%
equivalence test.25 Methods were considered equivalent if the 90% confidence interval
(CI) for the estimate of SB from ActiGraph cut-point entirely fell within the predefined
equivalence region of ±10% of the average percentage of time spent in SB assessed by
the activPAL.25 Descriptive statistics and Bland & Altman analyses were conducted
on SPSS 25.0. Equivalence test were performed on SAS (version 9.3 SAS Inc.).
Statistical significance was set at p<0.05.
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6.4. Results

Descriptive characteristics of the young participating are presented in Table 6.2. Thirty
boys and 30 girls were included. The majority of the sample was normal weight (93%).
Regarding wear time, 2-3year-olds wore both devices, on average, for 4.1h ± 1.2h
(range = 2.3h to 7.0h).

Table 6.2. Descriptive statistics of demographic variables and wear time of the
included toddlers.
Child Characteristics

Mean ± SD

Standard Deviation

Age (months)
Age (y)
Weight (kg)
Height (cm)
BMI (kg/m2)
BMI Category
Normal weight (n)
Overweight (n)
Obese (n)
Sex
Boys
Girls
Mean wear time (h)

32.5 ± 4.5
2.7 ± 0.4
14.8 ± 1.6
93.5 ± 4.4
16.9 ± 1.3

4.5
0.4
1.6
4.4
1.3

56 (93.3%)
3 (5.0%)
1 (1.7%)
30 (50%)
30 (50%)
4.1

1.2
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The 95% Limits of agreement and respective Bland and Altman pots can be seen on
Figure 6.1.

Figure 6.1. Bland & Altman Plots with 95% limits of agreement. Limits of
Agreement: 5counts/5s (-30.43 to 20.20); 25counts/15s (-16.50 to 32.80);
37counts/15s (-18.95 to 31.29); 48counts/15s (-21.07 to 30.00%); 181counts/15s (35.73 to -19.84); 200counts/15s (-37.04 to 18.52); 1100counts/60s (-70.49 to 10.54);
301counts/15s (-43.18 to 13.05) 372counts/15s (-47.54 to 10.11).
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Estimates of SB according to the different ActiGraph cut-points were not within the
activPAL ±10% (Figure 6.2) equivalent interval (-4.05; 4.05%). The ActiGraph cutpoints that showed the lower bias were 48counts/15s (equivalence lower limit: p =
0.597; equivalence upper limit: p < 0.001; bias: -4.46%) and 5counts/5s (equivalence
lower limit: p < 0.001; equivalence upper limit: p = 0.737; bias: -5.11%). For the
25counts/15s, 37counts/15s and 48counts/15s ActiGraph cut-points, the upper limits
were within the equivalent interval (p < 0.001) but not the lower limits (p > 0.05).
When using the 5counts/5s (and 181counts/15s ActiGraph cut-points, lower limits
were within the equivalent interval (p < 0.001) but not the upper limits (p > 0.05).

Figure 6.2. 95% equivalence test for accelerometry-based estimated time spent in
sedentary behaviours.

Times estimated by ActiGraph cut-points are equivalent to activPAL if 90%
confidence intervals lie entirely within the equivalence region of direct observation.
This figure is a graphical representation of the ActiGraph cut-points estimation in
relation to activPAL sitting time estimation. Bias values are symmetrically represented
to favour the over/underestimation interpretation.
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Confidence intervals for SB from other ActiGraph cut-points were outside of the
equivalent interval. To consult p values and 90% CI please see Table 6.3.

Table 6.3. Equivalence tests between activPal sitting time and time spent sedentary
calculated by the different ActiGraph cut-off points.
Cut-off points

Bias

EQUIVALENCE TEST LIMITS (10%)
Costa (5counts/5s)
Everson (25counts/15s)
Pate (37counts/15s)
Trost (48counts/15s)
Kelly (181counts/15s)
Pate (200counts/15s)
Reilly (1100counts/ 60s)
Sirad (301counts/15s)
Van Cauwenberghe (372counts/15s)

-5.11
8.15
6.17
4.46
-7.95
-9.26
-40.52
-15.07
-18.71

Mean 90% CI

p values

Lower
-4.05

Upper
4.05

Lower

Upper

-7.90
5.44
3.40
1.65
-11.01
-12.32
-43.82
-18.16
-21.89

-2.32
10.86
8.93
7.28
-4.89
-6.21
-37.22
-11.97
-15.54

<0.001
0.993
0.897
0.597
<0.001
<0.001
<0.001
<0.001
<0.001

0.737
<0.001
<0.001
<0.001
0.981
1.000
1.000
1.000
1.000

6.5. Discussion

Although none of the hip-mounted ActiGraph cut-points used to define SB in 2-3year-olds were equivalent to activPAL siting time, estimates of SB derived from the
48counts/15s7 and 5counts/5s8 cut-points overlapped the equivalence region and
provided estimates with the smallest mean bias (~5%). While the cut-points of
25counts/15s, 37counts/15s and 181counts/15s also provided estimates of SB that
overlapped the equivalence region derived from activPAL estimates, the mean bias
from these cut-points was larger (-7.95 to 8.15%). As such, ActiGraph cut-points
slightly greater than 48counts/15s or slightly smaller than 5counts/5s are expected to
provide group-level estimates of SB in 2-3-year-olds that are similar to estimates of
sitting from activPAL. However, All LoAs were wide, and even the most accurate cutpoints underestimated SB by 21% relative to activPAL for some individuals and
overestimate by 30% for other individuals. As such, even the most accurate cut-points
still included considerable error at an individual level.
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Our findings are somewhat different to another study comparing ActiGraph SB
cut-points in toddlers. Using direct observation as the criterion method and a 2h
observation period, Trost et al.7 derived a toddler specific cut-point (48counts/15s) for
SB and compared it to those previously established for pre-schoolers (when this paper
was published the cut-point 5counts/5s8 had not been validated yet). In the crossvalidation sample, all cut-points significantly overestimated SB, with the lowest cutpoints, stopping at 25counts/15s,10 providing the least biased estimates. In the present
study the 48counts/15s7 cut-point not only performed better than lower cut-points, but
also underestimated the results from activPAL sitting time. Studies in pre-schoolers
suggest that, relative to direct observation, activPAL might slightly over-estimate
(45.6% vs 45.2%),22 or underestimate SB (40.8% vs 45.3%).4 Consequently, the
differences in findings between our study and Trost et al’s research might be, in part,
due to differences in the criterion methods used. It is possible that activPAL
overestimates SB in relation to direct observation. Therefore, our findings suggest that
the cut-points of 48counts/15s or 5counts/5s provide estimates of SB that exhibit the
least bias, relative to the activPAL, in 2-3-year-olds. However, alternative cut-points
may provide more accurate estimates of SB relative to direct observation, and further
research is needed to investigate this.
Similarities between study methodologies may be the reason why
48counts/15s7 and 5counts/5s8 displayed similar and superior performance in the
current study. Both Trost et al.7 and Costa et al.8 developed and cross-validated their
respective cut-points among toddlers under free-living conditions, rather than using
structured activities. These observations of free-living sessions might be expected to
be similar to the daily activities and routines that 2-3-year-olds undertake on a typical
day – as was the context of our study. Likewise, in both studies, the ActiGraph cutpoints were tested against direct observation using the same observation protocol – the
Children’s activity Rating Scale (CARS)26 – which may have also contributed to
similarities in the findings for these two cut-points.
Despite the similarities in performance between these two cut-points, the
48counts/15s7 cut-point underestimated (-4.46%) the amount of time spent in SB,
whereas 5counts/5s8 ActiGraph cut-points overestimated the time spent SB (+5.11%),
when compared to sitting time measured by the activPAL. Some evidence indicates
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that the epoch length selected may influence the estimation of SB from the Actigraph,
with shorter epoch lengths for the same cut-points increasing the SB estimate.27,28 The
epoch length used by Costa (5s)8 was the shortest of all cut-points, which might have
contributed to the overestimation of SB despite the lower count threshold used. In
contrast, cut-points developed for 15s epochs, such as 48counts/15s,7 37counts/15s,11
or 25counts/15s10 underestimated SB relative to activPAL sitting time. For these three
cut-points, lower count thresholds increased the bias between methods, and a threshold
of slightly higher than 48counts/15s appeared to provide estimates of SB that were
similar to those from the activPAL. The remaining cut-points with higher thresholds
(181counts/15s,9

200counts/15s,11

1100counts/60s,12

301counts/15s,16

372counts/15s13) resulted in an overestimation of SB.
Although beyond the scope of this study, it is worth noting that the cut-point
selected as well as the epoch length chosen can influence the accuracy of
accelerometer-based assessments of movement behaviours. The existence of multiple
sets of intensity related cut-points for the same age group inhibit an accurate research
effort to quantify, understand and intervene on SB. The lack of consensus on cut-point
selection and the constant development of new ones for the same population lead to
what has been referred in the literature as the cut-point conundrum.29 The 15s epoch
and associated cut-points are the most widely used with young children. Shorter
epochs may be more accurate for capturing vigorous physical activity which typically
occurs in short bouts but may over-estimate SB because standing relatively still, which
may occur in longer bouts than vigorous physical activity, may be mis-classified as
sitting. As such, the use of cut-points developed for 15s epochs, while not perfect, may
continue to provide an acceptable trade-off for simultaneously capturing SB and
moderate-vigorous physical activity.
The sample of 60 children, evenly distributed by sex, is a relatively large
sample for activity monitor validation studies, particularly in the early years, and it
should be considered a strength of this study.7,8 Although the direct observation may
be a better criterion measure it is not practical to use over a moderate length of
observation with moderate sample size; therefore, the use of thigh-mounted activPAL
which arguably provides the most accurate estimate of SB in children relative to other
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activity monitoring approaches was also a strength of this study, as is the use of freeliving protocol in the childcare centre.
This study is not without limitations. ActivPAL has not been validated in
toddlers and the validation studies in pre-schoolers have provided mixed results,
suggesting that activPAL might overestimate22 or underestimate SB.4 Moreover, the
definition of SB consists of two parts, posture and energy expenditure (EE). However,
activPAL evaluated only the posture, not the intensity (EE). Therefore, using
activPAL, the actual SB time may be shorter than the total sitting/lying time evaluated
with this device. This is a limitation of all accelerometer-based field studies in children
which are based on acceleration rather than also EE, as EE is difficult to assess in the
free-living conditions. Lastly, the sample size (n=60) is considered relatively large for
this type of studies, however, the amount of missing data on the present study is a
drawback.

6.6. Conclusions

None of the ActiGraph hip-mounted cut-points provided estimates of SB in 2-3-yearolds that were equivalent to estimates of sitting time from the activPAL; however,
estimates from the points slightly greater than (the best cut-point that underestimated)
or slightly smaller than (the best cut-point that overestimated) are expected to provide
group-level estimates of SB in 2-3-year-olds that are similar to estimates of sitting
from the activPAL. Nevertheless, even the most accurate cut-point could overestimate
SB for an individual and underestimate for another one. Therefore, estimates of SB
even from the most accurate ActiGraph cut-point may still include significant error.
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9. General discussion and conclusions
An extensive discussion of the main findings for each of the five studies was included
in the respective thesis chapter. The purpose of the present section is to integrate the
contribution of each study, summarise the main results and point out implications for
future research.

9.1. Integration of the findings

The study in Chapter IV is a systematic review which has investigated the prevalence
of sedentary behaviour (SB) during early childhood, through the inclusion of studies
assessing SB with objective devices. On average, and according to the retrieved
studies, young children appeared to spend 51.4% (95% CI: 48.4; 54.4) of their waking
time being sedentary. This estimate is more precise than the findings from a previous
systematic review from Hnatiuk et al.1 or from Downing et al.2 that provided estimates
with high levels of variance (34% to 94% of waking hours or 36.6 to 330.9 min/day).
Our meta-analysis also indicated that boys were less sedentary than girls, and that
young children seemed to be less sedentary outdoors while attending childcare. This
result aligns with early findings suggesting that young children spend less time being
sedentary outdoors.3,4 This review did not identify significant differences between
sedentary time (ST) on weekends and weekdays. However, according to the results
presented in Chapter VII, Australian toddlers and pre-schoolers seemed to accumulate
less ST during childcare days compared to non-childcare days, and pre-schoolers also
accumulated less ST on childcare days compared to weekends. Longitudinal data
(chapter VIII) showed that levels of ST during non-childcare days increased over 12months among pre-schoolers.
Toddlers percentage of ST on Chapters VII and VIII were similar to the metaanalysis of Chapter IV (~50%). However, independently of the day type, ST levels of
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Australian pre-schoolers on Chapters VII and VIII were lower (~45%) than those from
the meta-analysis presented in Chapter IV. Nevertheless, the prevalence results from
the systematic review in Chapter IV were also presented by continent, and it was
interesting to note that the 4 studies from Oceania, 3 of which had Australian
participants,5-7 reported lower levels of SB than the overall population included in the
meta-analysis. The geographical, environmental, cultural differences and weather
conditions (e.g., higher temperature allow young children to play outdoors –
apparently where less time is spent sedentary) may be the reasons for Australian
children be less sedentary than their peers from other countries.
The systematic review presented in Chapter V was unable to identify consistent
correlates of objectively measured ST. It is interesting to note that in the systematic
review in Chapter IV, boys were less sedentary than girls, whereas in Chapter V, sex
had an indeterminate association with ST. These findings showed that different
methods to synthesise data from systematic reviews (semi-quantitative or metaanalysis) may result in different findings. Nevertheless, it is likely that parental and
maternal SB would be positively associated with their child’s time spent in ST. In these
two categories, 4 studies were identified, and 38-10 presented positive associations with
children ST.
Both systematic reviews (presented in Chapters IV and V) revealed high levels
of heterogeneity between studies, most likely because the methods chosen to classify
ST and the use of objective devices differed between studies. Both reviews compared
studies that used ActivPAL or ActiGraph to measure ST or sitting time. In Chapter VI,
it was found that ST estimates from several ActiGraph cut points did not agree with
estimates from the ActivPAL. Nevertheless, if comparisons between devices is
needed, the use of cut points 5counts/5s11 and 48counts/15s12 are suggested.
The >20 min of consecutive zeros was the criterion used to define
accelerometer non-wear time in studies presented in chapters VII and VIII. According
to a recent systematic review in infants and toddlers, this criterion has been widely
used, with young children.13 Longer non-wear criterion (i.e. 30, 45, 60, and 90 min of
consecutive zero counts without allowance for interruptions, or ≥60 and 90 min with
allowance for 1 and 2 min of interruptions) were compared in 10 years old children;
results suggested that 45 or 60-min consecutive zero count-criteria not allowing any
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interruption should be applied in children older than 10 years.14 However, due to
sporadic and intermittent nature of physical activity in toddlers and pre-schoolers, it
seems that shorter non-wear criteria (i.e. >20min of consecutive zeros) is the best
option to exclude accelerometer non-wear time without excluding the short bouts of
activity, in children younger than 5 years.15 Likewise, different non-wear time criteria
may result in different bout estimations. As the >60 minutes of consecutive zeros
criterion allows for interruptions of 2 min of non-consecutive zeros, this may
underestimate the number of smaller bouts (1-4 min) of SB – which are typical in
toddlers and pre-schoolers. Therefore, it was decided to use the >20 min of consecutive
zeros to detect accelerometer non-wear time. It is important to note that, as the visual
cleaning of all files was conducted to identify sleep/nap time, periods of non-wear time
were also detected this way and consequently removed. The visual inspection was
useful for data cleaning in this sample of toddlers, particularly to distinguish sleep/nap
times from non-wear time, as no algorithm for these in this age group is available.
Furthermore, the logs filled by the parents and educators roughly agreed with the
sleep/nap time and non-wear time periods identified (i.e., by indicating water activities
- swimming lessons or shower time). Therefore, in chapters VII and VIII the criterion
of >20min of consecutive zeros was applied as a complement to the visual inspection
of the accelerometer files to minimize potential human errors.

9.2. Main conclusions

Results from this thesis suggest that young children spend a significant portion of their
waking hours in SBs. Time spent indoors appeared to be used for more SB when
compared to outdoor time, while young children attend childcare centres. Girls were
more likely to spend more time in SB than boys.
The present thesis was unable to identify any consistent correlate of ST in
young children. Nevertheless, it is likely that parental and maternal SB would be
positively associated with their child’s ST.
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ActiGraph estimates of SB calculated using the 48 counts/15s12 or 5counts/5s11
cut-points provided the most similar estimates to those from the activPAL in 2-3-yearolds.
Cross-sectionally, Australian toddlers had higher levels of ST and more 1-4min
sedentary bouts on non-childcare days compared to childcare days. Longitudinally,
(20-30 min) bouts during weekends were lower at follow-up.
Likewise, cross-sectionally, Australian pre-schoolers displayed lower levels of
ST and accumulated fewer sedentary bouts (1-4 min, 5-9 min, 10-19 min, and 20-30
min) on childcare days than on non-childcare days. Pre-schoolers also had lower levels
of ST and accumulated fewer sedentary bouts (1-4, 5-9, and 20-30 min) on childcare
days than on weekends. Longitudinally, this age group displayed less longer sedentary
bouts (20-30min) on weekends at follow-up. However, presented a higher number of
shorter/medium sedentary bouts (1-4min, 5-9min, 10-19min) and higher percentage of
ST at follow-up during non-childcare days. Likewise, pre-schoolers accumulated more
5-9min bouts during weekends, and for the whole week at 12-months follow-up
compared to baseline. Therefore, pre-schoolers may accumulate more ST through
shorter/medium bouts (1-4, 5-9, and 10-19 min), however, prolonged sedentary bouts
(20-30 min) decreased over 12-month.
In the present thesis more differences in ST levels and sedentary bouts by day
type were found in pre-schoolers than in toddlers. This may partly be due to different
childcare routines for each age group. The natural development of the child may also
play a role in the direction of the presented results, as the motor development is at
lower stages during toddlerhood, than during pre-school years.15 Therefore, as preschoolers are more developed and more proficient in locomotion patterns, is
reasonable to assume that this age group moves more, is more active and spends less
time being sedentary comparing to toddlers.
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9.3. Practical applications and for future research

The quality of the evidence on the prevalence, patterns and correlates of SB in young
children could be improved with better-designed studies, in particular, regarding
accelerometer wear time criteria and the use of age-appropriate, validated cut-points
and devices to accurately assess SB in young children.
It is likely that parental and maternal SB would be positively associated with
their child’s ST. Therefore, more research in this topic is needed to corroborate this
idea.
The estimation of ST using ActiGraph cut-points may still include a significant
error when compared to estimates from the activPAL in 2-3-year-olds. When
comparisons between devices are needed in this population, ActiGraph cut-points of
48 counts/15s12 or 5counts/5s11 are recommended.
According to data presented in this thesis, assumptions on the characteristics
of ST in early childhood are not easy to make. No differences were found in weekly
ST between baseline and follow-up neither for toddlers nor for pre-schoolers.
However, during non-childcare days, pre-schoolers increased their levels and bouts (14, 5-9, 10-19min) of ST. Evidence suggests that ST tracks during the early years,16
from early childhood to later childhood16 and from childhood to adolescence.17
Therefore, non-childcare periods seems to be where and when interventions should be
targeted to reduce the amount of ST and the number of sedentary bouts during the preschool years.
To have a better understanding of sedentary bouts and ST across early
childhood, it is necessary to investigate these variables between childcare periods vs
non-childcare periods within the same day, adding non-childcare days and weekends
within the same week. This is particularly needed for Australian toddlers and preschoolers, as it covers all the patterns within their days over a typical week. Future
longitudinal studies following participants from toddlerhood until the beginning of
elementary school, assessing changes in sedentary bouts and ST according to the
different periods of the day and week mentioned above, would assist to better
understand when and where Australian young children spend the majority of their time
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being sedentary. Consequently, such research would potentially answer more precisely
where interventions to reduce the time spent being sedentary need to be conducted.
Research interventions targeting the reduction of time spent in SB during early
childhood have mostly been conducted in childcare centres for feasibility and sample
recruitment reasons. However, results from this thesis, in particular the higher number
of bouts and higher levels of ST during non-childcare days, suggest that interventions
to reduce young children’s ST should potentially target non-childcare days and the
home environment.
It was suggested that toddlers and pre-school-aged girls, spend more time being
sedentary than pre-schoolers and boys. The design of SB interventions particularly for
young girls may be considered. Also, interventions aiming to reduce ST by reducing
the length of indoor periods during childcare hours could be evaluated.
This thesis has identified potential areas for intervention and their effectiveness
for reducing SB in young children could be tested in future studies.
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Dr Rute Santos
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Faculty of Social Sciences
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Thank you for your response dated 17 August 2015 to the HREC review of the
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Dr Rute Santos, Professor Anthony Okely
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•
•
•
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14 July 2015
Educator Questionnaire
Evaluation Process – Educator checklist
Consent form for Educators - V1, 26 May 2015
Information Sheet about the Program
Strength and Difficulty Questionnaire
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The University of Wollongong/Illawarra Shoalhaven Local Health District Social
Sciences HREC is constituted and functions in accordance with the NHMRC National
Statement on Ethical Conduct in Human Research. The HREC has reviewed the
research proposal for compliance with the National Statement and approval of this
project is conditional upon your continuing compliance with this document.
Approval by the HREC is for a twelve-month period. Further extension will be
considered on receipt of a progress report prior to expiry date. Continuing approval
requires:
•

•
•
•

The submission of a progress report annually and on completion of your
project.
The
progress
report
template
is
available
at
http://www.uow.edu.au/research/ethics/human/index.html. This report must
be completed, signed by the researchers and the appropriate Head of Unit, and
returned to the Research Services Office prior to the expiry date.
Approval by the HREC of any proposed changes to the protocol including
changes to investigators involved.
Immediate report of serious or unexpected adverse effects on participants.
Immediate report of unforeseen events that might affect continued ethical
acceptability of the project.

If you have any queries regarding the HREC review process, please contact the Ethics
Unit on phone 4221 3386 or email rso-ethics@uow.edu.au.
Yours sincerely

Associate Professor Melanie Randle
Chair, UOW Social Sciences
Human Research Ethics Committee
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Appendix C.2 – Parental information sheet

Effects of reduced sitting on toddlers’ cognitive development: a cluster
randomized controlled trial.
Information Sheet for Parents
Dear Parent,
Full details about the project, it's purpose, the researchers involved and what is required of you and your
child, should you agree to be involved, are provided in this information sheet.
What is the purpose of this study?
The aim of this study is to evaluate the effects of reducing sitting time during childcare on cognitive
development among toddlers.
Cognitive development is the construction of thought processes, including remembering, problem
solving, and decision-making.
This program will be implemented in your child’s childcare centre. The research that we are seeking
your consent for is to collect data from you, your partner (if applicable) and your child on the effect of
the program on your child’s sedentary behaviour, physical activity and cognitive development.
Pre-schoolers show high levels of sedentary behaviour. Even at childcare, there are opportunities to
improve the quality of their experiences by decreasing sitting time. If this can be done, it has the
potential to impact on health and development.
What we are asking you and your child to do?
The childcare service that your child attends has agreed to be involved in this study. Given that your
child is enrolled in this childcare service, attends at least twice a week, and is 12 to 24 months of age,
he/she has the opportunity to participate. While your child is in childcare, the educators will provide
ways to reduce total sitting time by 50% and to reduce bouts of sitting to less than 15 minutes. We are
asking your child to be involved in these activities when they attend childcare.
We will ask you to complete a survey about your family structure, education, and lifestyle; your child’s
lifestyle habits; and the health of the child’s mother during pregnancy. The survey will take about 20
minutes to complete. We will also ask you to oversee the wearing of the physical activity accelerometer
by your child, as described below.
At the beginning and end of our program (which will run for 12-months) trained research assistants visit
the childcare service and assess, in the presence of the educators, your child’s sedentary behaviour,
physical activity, height and weight, and cognitive development
A description of the assessments can be found below:
Cognitive development will be assessed using the Cognitive sub-test from the Bayley Scales of Infant
and Toddler Development. For these we will ask your child to explore and manipulate objects of
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different colours and shapes (children toys, such as ducks or balls) to order and relate these objects and
to perform simple problem-solving activities.
For those children who have turned 3 at the end of the intervention, an additional four tasks will be
assessed: your child will be asked to play four games on an iPad assessing their ability to control their
thinking and behaviour. The games will require children to catch fish, sort cards, identify objects that
match verbal instructions, and remember a number of different locations at once. We have found that
children generally enjoy playing these iPad games, and we can show these to you if you like.
Cognitive assessments and executive function tests will be conducted individually in a private area and
will be scheduled on separate days, where possible, so that children have breaks and do not experience
fatigue.
Sedentary behaviour will be measured during childcare hours over a one-week period using an
activPAL accelerometer. This is a small (53 x 35 x 7mm) and lightweight (15g) device that will be
placed on the front of the upper thigh (using a small hypo-allergenic adhesive gel patch and covered
with a transparent sticky film to secure it).
Gross motor skills will be assessed using the Peabody Developmental Motor Scales Second Edition
(PDMS-2). Trained data collectors will ask children to perform several tasks to the best of their ability
(e.g. walking on a taped line, jumping or kicking a ball). This will take approximately 10 min per child.
Your child’s height and weight will be assessed using a set of electronic bathroom scales and a portable
height scale. This will be done in a quiet, private space away from other children.
Physical activity and will be measured for a week using the
Actigraph accelerometer. Your child will be given an
accelerometer to wear; this is a very small device worn on
a belt around the waist, which measures an individual’s
physical activity. Your child will be instructed how to put
this on and will be asked to wear it for 7 days as they go
about their normal day to day activities. The accelerometers
will be collected back in after the 7 days.
(See an accelerometer pictured next to a 50c coin to
indicate its small size).
Bone mineral density will be assessed using a portable ultrasound system. This will be collected with
the child sitting on a chair with his/her leg extended and his/her foot resting in a relaxed position on the
lap of the data collector.
Retinal microvasculature will be assessed by photographing both eyes of each participant with an
ophthalmic fundus camera.
Social and Emotional Development will be assessed by resting heart rate; and, the educators will
answer a questionnaire about your child’ behaviour, emotions and relationships.
Blood Pressure will be assessed with a paediatric blood pressure monitor device.
Importantly, this study is a randomised controlled trial. This means that half of the childcare services
involved will be allocated to an intervention group and the other half to a control group. If your child’s
service is allocated to the intervention group, then you and your child will participate in the activities
as described above. If your child’s service is allocated to the control group, then they will continue with
their usual practice. The research team will still take the same assessments described in the preceding
paragraphs, so that we can compare these with the intervention group.
What are the benefits and risks involved in this study?
This study will benefit your child’s childcare service by providing information about how to decrease
sedentary behaviour. The results from the study will be presented to the educators at your child’s service
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and they, along with interested parents, will have an opportunity to discuss the findings and ways in
which current practices may be modified to improve cognitive development and thereby improve the
health of toddlers enrolled at your child’s service.
There are no risks associated with this study. The activity monitors are small and lightweight devices.
It is not painful to wear nor intrusive. The child may remove these monitors easily at any time if they
no longer wish to wear it. It will take approximately 60 minutes for all the assessments to be completed
on your child. This will be done over two days while they attend childcare. Height and weight will be
assessed by a female data collector out of sight of other children. The data files will be stored on a
password-protected server and only seen by a member of the research team. An educator will be
supervising all assessments.
For parents, the only burden will be the time taken to complete the surveys and to make sure that the
child wears the accelerometer outside childcare hours. The surveys may contain potentially sensitive
questions about financial issues, tobacco and alcohol consumption and family structure. We stress that
this information will not be seen by anyone other than the research team, and, that you may choose not
to answer any of the questions in the survey. The physical activity accelerometers are to be worn by the
child during waking hours and removed for sleeping and water activities (bath/shower and swimming
activities), as these devices are not waterproof. The accelerometers should be placed around the waist
of your child.
Participation in the study
If you consent to your child’s participation in the study, then you are agreeing that your child takes part
in all assessments. However, your child is free to discontinue participation at any time. Discontinuation
of your child’s involvement will not jeopardise your or your child’s current or future relationship with
their childcare service or with the University of Wollongong.
What will happen to the information that you provide?
All information collected during this study will be kept strictly confidential and be stored in a locked
office. Information that we collect may be used in publications such as papers, conference presentations
and grant applications, however your child’s identity and that of your Childcare service will be kept strictly
confidential. It is anticipated that there will be additional studies relating to the health and development of
young children conducted at your child centre in the future. With your consent, we would like to be able
utilise the de-identified data relating to your family in the current study. Additional consent for this used
would not be sought; however, any such use would only occur after the Human Research Ethics
Committee of UOW has approved the study.
Who is conducting the study?
• Dr Rute Santos, Research Fellow, Early Start Research Institute, University of Wollongong
• Professor Tony Okely, Professorial Fellow, Early Start Research Institute, University of
Wollongong
• Sanne Veldman, PhD student, Early Start Research Institute, University of Wollongong
If you are happy for your child to participate in this study, please complete the attached consent form
and return it to the Director or Educator of your service on your child’s next day of attendance.
Kind Regards,
Rute Santos (Research Fellow) and Sanne Veldman (PhD Candidate)
Early Start Research Institute, University of Wollongong
rutes@uow.edu.au or slcv960@uowmail.edu.au
+61 2 42218184
If you have any questions regarding the study, please contact Dr Rute Santos on (02) 42218184. If you
have any concerns or complaints regarding the way the research is or has been conducted, you can
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contact the Complaints Officer, Human Research Ethics Committee, University of Wollongong on (02)
4221 4457 or by email (rso-ethics@uow.edu.au).
Your cooperation in this project will be greatly appreciated.
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Appendix C.3 – Parental consent form

Effects of reduced sitting on toddlers’ cognitive development: a cluster
randomized controlled trial.
Consent form for parents on behalf of their child
I have been given information about the study entitled: “Effects of reduced sitting on toddlers’ cognitive
development: a cluster randomized controlled trial.” and have had the opportunity to discuss the study
with Professor Tony Okely, Dr Rute Santos and Sanne Veldman.
I understand that if I consent for my child to participate, they will be asked to:
• Have their sedentary behaviour, physical activity, gross motor skills, height and weight and cognitive
development, retinal microvasculature, blood pressure, bone density and resting heart rate assessed.
This includes, wearing an activity monitor around their waist for one week.
• Participate in a reduced sitting time programme during childcare (if they are randomised to the
intervention group) or continue with their usual activities (if randomised to the control group).
I understand that if I consent to participate, I will be asked to:
• Answer a survey about my family structure, education and lifestyle, my child lifestyle habits, and
about the health of the child’s mother during pregnancy
• Oversee that my child wears the activity monitor for one week.
• To allow the educator of child to report their emotional and social development
I have been advised of the potential risks and burdens associated with this study. I understand that my
child’s participation is voluntary and that my child is free to withdraw from the study at any time.
Withdrawal from the study will not affect my relationship or that of my child’s, with our childcare service
or with the University of Wollongong now or in the future. Furthermore, I understand that the information
provided may be used in papers, conferences presentations or future grant applications.
If I have any enquires about the study, I can contact Dr Rute Santos or Sanne Veldman on (02) 42218184
or if I have any concerns or complaints regarding the way the study is or has been conducted, I can contact
the Complaints Officer, Human Research Ethics Committee, University of Wollongong on +61 2
42214457 or by email on (rso-ethics@uow.edu.au).
By signing below I am indicating my consent for my child to participate in this study as it has been
described to me in the information sheet and in discussion with Dr Rute Santos or Sanne Veldman.
Can you please return this form on your child’s next day of attendance?
Your cooperation in this study will be greatly appreciated
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CONSENT
Note: If you have a partner living with you, please have him/her sign this consent too, once the
survey to be completed includes questions about you and your partner
I (your name) _______________________________ agree for my child (child’s full name)
__________________________________ , myself and my partner (if applicable) to take part in the
study entitled: “Effects of reduced sitting on toddlers’ cognitive development: a cluster randomized
controlled trial”.
I consent to the de-identified data relating to my family being used in future research that has been
approved by the Human Research Ethics Committee at UOW (please circle): Yes / No
Parent Surname: _______________________________________________
Parent Given name: _____________________________________________
Child’s Date of Birth: ___________________________(dd/mm/yyyy)
Sex of the Child: ________________________________(boy/girl)
Home Phone: ___________________________________
Mobile: ________________________________________
Email Address: ___________________________________________________________
Preferred method of completing surveys will be (please tick):
☐Online
☐Paper form
☐Face-to-face
☐Telephone - preferred time of day:
☐ Morning
☐ Afternoon
☐ Evening
☐ Specific time_____________
Days my child attends childcare (please tick):
☐Monday
☐Tuesday
☐Friday

☐Wednesday

☐Thursday

(your) Signature:
________________________________________________
(your partner’s) Signature: _________________________________________
Date: ____________________________________________
Name of Childcare Centre: _________________________________________
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Appendix C.4 – Educator information and consent form

Effects of reduced sitting on toddlers’ cognitive development: a cluster
randomized controlled trial.
Educators’ Information Sheet about the Study
- What is the purpose of this study?
The aim of this study is to evaluate the effects of reducing sitting time during childcare on cognitive
development. We would like to work with your service to implement this cluster randomized controlled
trial in your childcare centre over a 15-month period starting in 2015. As part of the program, we will
be seeking consent from all educators and families of 14 to 24 months old from your centre to collect
data on the effect of the program on the children’s cognitive development.
Pre-schoolers show high levels of sedentary behaviour. Even at childcare, there are opportunities to
improve the quality of their experiences by decreasing sitting time. If this can be done, it has the
potential to impact on health and development.
This programme aligns with the EYLF and the NQS and if implemented, can be used to meet a number
of the learning outcomes, including “Children are confidant and involved learners” and “Children have
a strong sense of well-being”.
- What we are asking educators to do?
All educators in the service will be trained to implement learning experiences with reduced sitting time.
Educators will facilitate ways to reduce total sitting time by 50% and to reduce bouts of sitting to <15
minutes. There will be one-day of intensive professional learning, followed by two booster training
sessions (2 hours each) over the course of 12-15 months, to be delivered during the staff meetings at
childcare.
Educators will complete a short questionnaire about their experience, level of training (for example:
What is your highest level of schooling completed?), and their confidence to getting children active and
less sedentary (for example, How confident do you feel you are in: getting toddlers to follow classroom
rules, or How confident do you feel you are in: decreasing toddlers total sitting time by around 50% of
their time while at childcare by modifying routine activities to decrease sitting time?), this will take
approximately 3 minutes to complete . Educators will complete also a two-page questionnaire for each
child involved in the study, about their emotional and social development (the Strengths and Difficulties
Questionnaire) as well as the Social and Emotional Development questionnaire of the Bayley Scales,
these will take approximately 5 minutes to complete (per child). Finally, educators will be asked to
document the learning experiences that have occurred in their service, this will take approximately 10
minutes per month.
Assessments:
At the beginning and end of our program (which will run for 12-months), trained research assistants
will assess the children’s sedentary behaviour, physical activity, height and weight, and cognitive
development. This will be conducted in a manner which results in as little disruption to the daily routine
as possible and nothing in addition to what educators would do in a usual day will be required.
Cognitive development and executive function will be assessed using the Cognitive sub-test from the
Bayley Scales of Infant and Toddler Development. For those children who have turned 3 at 15-months
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follow-up, an additional four executive function tasks will be assessed. These tasks assess three key
executive function components; 1) go/no-go task (inhibition); 2) backward span task, and 3) complex
span task (both assess working memory); and 4) dimensional change card sort (cognitive flexibility).
These tasks will be presented to children presented as 'games' on either an iPad or on cards. These tasks
can be completed in <
per child. Cognitive assessments and executive function tests will be
conducted individually in a private area and will be scheduled on separate days, where possible, so that
children have breaks and do not experience fatigue.
Sedentary behaviour will be measured during childcare hours over a one-week period using an
activPAL accelerometer. This is a small (53 x 35 x 7mm) and lightweight (15g) device that will be
placed on the front of the upper thigh (using a small hypo-allergenic adhesive gel patch and covered
with a transparent sticky film to secure it).
Gross motor skills will be assessed using the Peabody Developmental Motor Scales Second Edition
(PDMS-2). Trained data collectors will ask children to perform several tasks to the best of their ability
(e.g. walking on a taped line, jumping or kicking a ball). This will take approximately 10 min per
child.
Child’s height and weight will be assessed using a set of electronic bathroom scales and a portable
height scale. This will be done in a quiet, private space away from other children.
Physical activity and will be measured for a week using the Actigraph accelerometer. The child will be
given an accelerometer to wear; this is a very small device worn on a belt around the waist, which
measures an individual’s physical activity. The child will be instructed how to put this on and will be
asked to wear it for 7 days as they go about their normal day to day activities. The accelerometers will
be collected back in after the 7 days.
Bone mineral density will be assessed using a portable ultrasound system. This will be collected with
the child sitting on a chair with his/her leg extended and his/her foot resting in a relaxed position on the
lap of the data collector.
Retinal microvasculature will be assessed by photographing both eyes of each participant with an
ophthalmic fundus camera.
Social and Emotional Development will be assessed through heart rate variability, by resting heart
rate.
Blood Pressure will be assessed with a paediatric sphygmomanometer.
Importantly, this study is a randomised controlled trial. This means that half of the childcare services
involved will be allocated to an intervention group and the other half to a control group. If your service
is allocated to the intervention group, then the educators and the children and families will participate
in the activities as described above. If your service is allocated to the control group, then the educator
will receive training in another program (such as Munch and Move). The research team will still take
the same assessments described in the preceding paragraphs, so that we can compare these with the
intervention group. At the end of the study, we will provide all the intervention materials to the control
centres.
- What are the benefits and risks involved in this study?
This study will benefit your childcare service by providing information about how to decrease sedentary
behaviour. The results from the study will be presented to the educators and they will have an
opportunity to discuss the findings and ways in which current practices may be modified to improve
cognitive development and thereby improve the health of toddlers enrolled at your service.
There are no risks associated with this study. The activity monitors are small and lightweight and worn
on an elastic belt. They are not painful to wear nor intrusive. The child may remove these monitors
easily at any time if they no longer wish to wear it. It will take approximately 60 minutes for all the
assessments to be completed on each child. This will be done over a week while they attend childcare.
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Height and weight will be assessed by a female data collector out of sight of other children. The data
files will be stored on a password-protected server and only seen by a member of the research team.

- Participation in the study
Educators will be free to discontinue participation at any time. Discontinuation of your involvement
will not jeopardise your current or future relationship with Early Start or with the University of
Wollongong.
- What will happen to the information that you provide?
All information collected during this study will be kept strictly confidential and be stored in a locked
office. Information that we collect may be used in publications such as papers, conference presentations
and grant applications, however your identity and the identity of the childcare centre will be kept strictly
confidential.
- Who is conducting the study?
• Dr Rute Santos, Research Fellow, Early Start Research Institute, University of Wollongong
• Professor Tony Okely, Professorial Fellow, Early Start Research Institute, University of
Wollongong
• Sanne Veldman, PhD student, Early Start Research Institute, University of Wollongong
We look forward to working with your Service on this project should you wish to participate.
If you have any questions regarding the study, please contact Dr Rute Santos on (02) 42218184. If you
have any concerns or complaints regarding the way the research is or has been conducted, you can
contact the Complaints Officer, Human Research Ethics Committee, University of Wollongong on (02)
4221 4457 or by email (rso-ethics@uow.edu.au).
Your cooperation in this project will be greatly appreciated.
Kind Regards,
Rute Santos (Research Fellow) and Sanne Veldman (PhD Candidate)
Early Start Research Institute, University of Wollongong
rutes@uow.edu.au or slcv960@uowmail.edu.au
+61 2 42218184
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Effects of reduced sitting on toddlers’ cognitive development: a cluster
randomized controlled trial.
Consent form for Educators
I have been given information about the study entitled: “Effects of reduced sitting on toddlers’ cognitive
development: a cluster randomized controlled trial” and have had the opportunity to discuss the study
with Professor Tony Okely and Dr Rute Santos and Sanne Veldman.
I understand that if I consent to participate, I will be asked to:
•
•
•

Participate in trainings for and implement reduced sitting time program, during childcare (if my centre
is randomised to the intervention group) or participate in training and implement the Munch and Move
program (if my centre is randomised to the control group) for an 18-month period
Complete a short questionnaire about myself and my education, and my confidence to getting children
active and less sedentary
Complete a short questionnaire on individual children at the centre regarding their approaches to
learning

I have been advised of the potential risks and burdens associated with this study. I understand that my
participation is voluntary and that I am free to withdraw from the study at any time. Withdrawal from
the study will not affect my relationship with my childcare service or with the University of Wollongong
now or in the future. Furthermore, I understand that the information provided may be used in papers,
conferences presentations or future grant applications. If I am involved in any future studies conducted
within this engagement centre, I give permission for de-identified data collected in the present study to
be linked to any future data which may be collected.
If I have any enquires about the study, I can contact Dr Rute Santos or Sanne Veldman on (02) 42215726
or if I have any concerns or complaints regarding the way the study is or has been conducted, I can contact
the Complaints Officer, Human Research Ethics Committee, University of Wollongong on +61 2
42214457. Or by email on (rso-ethics@uow.edu.au).
By signing below I am indicating my consent to participate in this study as it has been described to me
in the information sheet and in discussion with Dr Rute Santos or Sanne Veldman.
Your cooperation in this study will be greatly appreciated.
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CONSENT
I (your name) ___________________________________ agree to take part in the
study entitled “Effects of reduced sitting on toddlers’ cognitive development: a cluster
randomized controlled trial”.
Surname: __________________________________________________
Given name: ________________________________________________
Address: ___________________________________________________
Postcode: __________________________________________________
Phone: ____________________________________________________
Email: _____________________________________________________
Name of Childcare Centre:
____________________________________________________________
Signature: _________________________________________________
Date: _____________________________________________________
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Appendix C.5 – Family Survey
FAMILY QUESTIONNAIRE
ABOUT YOU AND YOUR FAMILY
Instructions:
This survey should be completed by the MAIN CAREGIVER of the child/children in the study. The main
caregiver is the person who lives with the study child/children and is most knowledgeable about their
behaviour, personality and daily care arrangements.
Please try to answer all the questions truly and accurately.
This questionnaire takes about 20 min to complete.
__________________________________________________________________________________
_________

SECTION 1 – About You
__________________________________________________________________________________
_________
1. What is today’s date? _______/_______/ ____________ (dd/mm/yyyy)
2. What is your full name? First Name

Last Name
Yes ☐ No ☐

3. Are you the main caregiver for the child/children in the study?
4. What is YOUR age? ____________ years
5. Are you:

Male ☐ Female ☐

6. Are you of Aboriginal or Torres Strait Islander origin?
No ☐
Aboriginal ☐
Torres Strait Islander ☐

Both ☐

7. What is the main language you speak at home?
English ☐
Other ☐ (please specify)
8. What is your postcode? ____________________
9. How many children do you have at this service?

1☐

2☐

3☐

4☐

5+ ☐

10. What is your current marital status? Single/separated/divorced☐ married/with partner☐
__________________________________________________________________________________
_________

SECTION 2 – About You and Your Partner
__________________________________________________________________________________
_________
Please fill this section for the Primary Caregiver and partner. Please leave the partner section blank
if you do not have a partner.
11. What is your (and your partner’s) highest level of schooling completed?
You
Your partner (if
applicable)
No schooling/did not complete Primary School
☐
☐
Primary school or equivalent
☐
☐
Year 10 or equivalent (e.g. School Certificate)
☐
☐
Year 12 or equivalent (e.g. Higher School Certificate)
☐
☐
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Trade/apprenticeship/certificate (e.g. hairdresser, plumber)
University Degree
Post-graduate qualification (e.g. Masters, PhD)

☐
☐
☐

☐
☐
☐

12. What is the nature of your (and your partner’s) employment?
You
Your partner (if applicable)
Employed, full time
☐
☐
Employed, part time
☐
☐
Self-Employed
☐
☐
Not employed
☐
☐
Other
☐
☐
(please specify)
You___________________________________________________________________
Your partner (if applicable)
________________________________________________
13. What is your (and your partner’s) disposable income per week?
Disposable income is your weekly income after taxes.
You
Your partner (if applicable)
Less than 580$/week
☐
☐
Between 580$ and 1,240$/week
☐
☐
More than 1,240$/week
☐
☐
14. How many hours per week do you (and your partner) work?
You ____________hours/week
Your partner (if applicable) ____________hours/week
15. What is your (and your partner’s) employment (job title)?
You
_______________________________________________________________________________
Your partner (if applicable)
__________________________________________________________________
16. What is the main source of your (and your partner’s) income?
You
Your partner (if applicable)
Government benefits
☐
☐
Casual or part-time hourly salary
☐
☐
Full-time job salary
☐
☐
Profits of company or CEO salary
☐
☐
Other
☐
☐
(please specify) You ________________________________________________________________
Your partner (if applicable) ______________________________________________
__________________________________________________________________________________
_________

SECTION 3 – Your Family Structure
__________________________________________________________________________________
_________
1. How many children (less than 18 years old), do you have living in your household? ________
2. How many adults (18 years old or older), including you, live in your household? ___________
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__________________________________________________________________________________
_________

SECTION 4 – About You and Your Partner Lifestyles
__________________________________________________________________________________
_________
Please fill this section for the Primary Caregiver and partner. Please leave the partner section blank
if you do not have a partner.
1. Do you (and your partner) currently smoke or smoked in the past?
You
Your partner (if
applicable)
Never smoked
☐
☐
Smoke occasionally
☐
☐
(on average less than 1 cigarette/day)
Used to smoke daily (at least 1 cigarette/day)
☐
☐
but quit smoking more than 6 months ago
Used to smoke daily (at least 1 cigarette/day)
☐
☐
but quit smoking less than 6 months ago
Currently smoke daily (at least 1 cigarette per day)
☐
☐
How many cigarettes per day?
_____________ ______________
cigarettes/day
2. During the last 12 months, how often did you (and your partner) usually have any kind of
drink containing alcohol? (one drink is considered a can or glass of beer or cooler, glass of wine, or
a drink containing 1 shot of liquor, for example).
You
Your partner (if applicable)
Every day
☐
☐
5 to 6 times a week
☐
☐
3 to 4 times a week
☐
☐
twice a week
☐
☐
2 to 3 times a month
☐
☐
3 to 11 times in the past year
☐
☐
1 or 2 times in the past year
☐
☐
3. During your lifetime, what is the maximum number of drinks containing alcohol that you
drank within a 24-hour period? (one drink is considered a can or glass of beer or cooler, glass of
wine, or a drink containing 1 shot of liquor, for example).
You ______________________ Your partner (if applicable) ______________________
4. During the last 12 months, how many alcoholic drinks did you (and your partner) have on a
typical day when you drank alcohol? (one drink is considered a can or glass of beer or cooler, glass
of wine, or a drink containing 1 shot of liquor, for example).
You ______________________ Your partner (if applicable) ______________________
5. During the last 12 months, how often did you have 5 or more (males) or 4 or more (females)
drinks containing any kind of alcohol in within a two-hour period? (one drink is considered a can
or glass of beer or cooler, glass of wine, or a drink containing 1 shot of liquor, for example).
You
Your partner (if applicable)
Every day
☐
☐
5 to 6 days a week
☐
☐
3 to 4 days a week
☐
☐
2 days a week
☐
☐
1 day a week
☐
☐
2 to 3 days a month
☐
☐
1 day a month
☐
☐
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3 to 11 days in the past year
1 or 2 days in the past year

☐
☐

☐
☐

6. What is your (and your partner) current weight and height?
You
Your partner (if applicable)
Weight
____________ kg
____________ kg
Height
____________ cm
____________ cm
__________________________________________________________________________________
_________

SECTION 5 – Your Child aged 14 to 24 months in this childcare service
1. What is the full name of your child aged 14 to 24 months in this Childcare service?
First Name ______________________________________
Last Name _______________________________________

2. What is this child’s date of birth? _______/_______/ ____________ (dd/mm/yyyy)
3. What is this child’s gender?

Male ☐

Female ☐

4. How many days per week does this child usually attend this service? (please circle one)
1
2
3
4
5
5. How many hours per week does this child attend this service? _______________ hours/week
6. At what age did this child start at this service?

years

months

7. What is the birth position for this child? (please circle one)
1st
2nd
3rd
4th
5th
6th+
8. This child has a twin brother(s)/sister(s)?
__________

No ☐

Yes☐ If yes, how many?

9. Is YOUR CHILD of Aboriginal or Torres Strait Islander origin?
No ☐
Aboriginal ☐
Torres Strait Islander ☐
Both ☐
10. What is your relationship to this child?
☐ Biological mother
☐ Biological father
☐ Step mother
☐ Step father
☐ Adoptive mother
☐ Adoptive father
☐ Grandmother
☐ Grandfather
☐ Aunt
☐ Uncle
☐ Female cousin
☐ Male cousin
☐ Other (please specify the relationship to child)
________________________________________________
11. What is your partner’s relationship to this child?
(please leave the partner section blank if you do not have a partner)
☐ Biological mother
☐ Biological father
☐ Step mother
☐ Step father
☐ Adoptive mother
☐ Adoptive father
☐ Grandmother
☐ Grandfather
☐ Aunt
☐ Uncle
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☐ Female cousin
☐ Male cousin
☐ Other (please specify the relationship to child)
________________________________________________
12. What was this child’s birth weight and length? (please write “Don’t Know” if you don’t know)
Weight _____ . ________ Kg
Length ________ . _____cm
13. At what week of gestation was this child born? ________________ weeks of gestation.
(please write “Don’t Know” if you don’t know)
14. How much weight did the mother of this child gain during pregnancy? ___________ Kg.
(please write “Don’t Know” if you don’t know)
15. How was the type of birth of this child?
Normal (vaginal delivery)
☐
Instrumental vaginal delivery (forceps or vacuum extraction) ☐
Caesarean
☐
16. During the pregnancy of this child did the mother have any of the following conditions?
Yes
No
Hypertension during pregnancy or pre-eclampsia
☐
☐
Gestational Diabetes
☐
☐
Diabetes Type II
☐
☐
Diabetes Type I
☐
☐
Vitamin D deficiency
☐
☐
Anaemia
☐
☐
Cardiovascular Disease
☐
☐
Thyroid dysfunction
☐
☐
(hyperthyroidism, hypothyroidism or hypothyroxinemia)
17. During the pregnancy of this child did the mother:
Yes
Smoke during pregnancy
☐
Drink any amount of alcohol
☐
Take a specific pregnancy multivitamin
☐
Take a folic acid supplement
☐
Take a vitamin A supplement
☐
Take a vitamin D supplement
☐

No
☐
☐
☐
☐
☐
☐

18. During the pregnancy of this child was the mother physically active?
No ☐
Yes (at least 30 min per day of moderate or vigorous physical activity)☐
Note:
Moderate activities refer to activities that take moderate physical effort and
make you breathe somewhat harder than normal (ex. brisk walking)
Vigorous physical activities refer to activities that take hard physical effort
and make you breathe much harder than normal (ex. heavy lifting, digging,
aerobics, or fast bicycling).
Sleeping habits of your child:
19.How long after going to bed does your child usually fall asleep?
≤ 15 min ☐
15–30min ☐
30–45 min ☐
45–60 min ☐
20. This child goes to bed reluctantly?
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Never☐ once or twice a month☐
☐

1 or 2 times/week☐

3 to 5 times/week☐

every night

21. This child has difficulty getting to sleep at night (and may require a parent to be present).
Never☐ once or twice a month☐
1 or 2 times/week☐
3 to 5 times/week☐ every night
☐
22. This child does not fall asleep in his or her own bed.
Never☐ once or twice a month☐
1 or 2 times/week☐
☐

3 to 5 times/week☐

every night

23. This child wakes up two or more times in the night.
Never☐ once or twice a month☐
1 or 2 times/week☐
☐

3 to 5 times/week☐

every night

24. After waking up in the night the child has difficulty falling asleep again by himself or
herself?
Never☐ once or twice a month☐
1 or 2 times/week☐
3 to 5 times/week☐ every night
☐
25. This child sleeps in the parent’s bed at some time during the night.
Never☐ once or twice a month☐
1 or 2 times/week☐
3 to 5 times/week☐
☐

every night

26. If this child wakes, he or she uses a comforter (e.g. Dummy) and requires a parent to replace
it.
Never☐ once or twice a month☐
1 or 2 times/week☐
3 to 5 times/week☐ every night
☐
27. This child wants a drink during the night (including breast or bottle-feed).
Never☐ once or twice a month☐
1 or 2 times/week☐
3 to 5 times/week☐
☐
28. Do you think your child has sleeping difficulties?

Yes ☐

every night

No ☐

Weekdays
29. What time does your child goes to bed
______H _____ min (p.m.)
(p.m.)
30. What time does your child goes to sleep? ______H _____ min (p.m.)
(p.m.)
31. What time does your child wakes up?
______H _____ min (a.m.)
(a.m.)

Weekend days
______H _____ min
______H _____ min
______H _____ min

32. Do you have rules about screen entertainment?
Yes ☐ No ☐
(screen entertainment includes TV, DVDs, iPad, tablet, computer and handheld games)
33. For how long does this child use screen entertainment on a typical weekday?
____________________Hours _____________________Minutes
34. For how long does this child use screen entertainment on a typical weekend day?
____________________Hours _____________________Minutes
35. Does this child have screen entertainment in their bedroom? Yes ☐ No ☐
36. How often does this child uses screen entertainment while eating dinner?
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Never or rarely ☐

1-3 times/week ☐

4-6 times/week ☐

Every day ☐

37. At what age did your child started to walk independently? _________________ months.
Thank you for your time.
We hope you have found this questionnaire interesting!
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Appendix D.1 – Parent Information Sheet

INITIAL APPLICATION APPROVAL
In reply please quote: HE14/310
Further Enquiries Phone: 4221 3386

2 April 2015

Dr Dylan Cliff
School of Education
Faculty of Social Sciences
University of Wollongong
NSW 2522

Dear Dr Cliff,
Thank you for your letter dated 30 March 2015, and additional information received 31 March 2015,
responding to the HREC review of the application detailed below. Thank you for the final copies of all
documents delivered on 1 April 2015. I am pleased to advise that the application has been approved.
Ethics Number:

HE14/310

Project Title:

Preschool and Toddler Health, Activity, Behaviour and Cognition (PATH
ABC) Pilot and Main study.

Name of Researchers:

Dr Dylan Cliff, Dr Steven Howard, Dr Stewart Vella, Professor Tony
Okely, Ms Tamara Raso, Ms Melinda Smith

Documents Reviewed/
Approved:

1. Initial application (as resubmitted) received 23 February 2015
2. Additional information dated 24 March 2015
3. Additional information dated 30 March 2015
4. Participant Information Sheet – Parent/Carer – Pilot Study version
received 31 March 2015
5. Director Information Sheet – Pilot Study version received 31 March
2015
6. Participant Information Sheet – Parent/Carer – Main study version
received 31 March 2015
7. Consent Form – Parent / Carer – Pilot Study version received 1 April
2015
8. Director Consent Form – Pilot Study version received 1 April 2015
9. Educator Information Sheet – Pilot Study version received 1 April
2015
10. Educator Consent Form – Pilot Study version received 1 April 2015
11. Consent Form – Parent/Carer – Main Study version received 1 April
2015
12. Director Information Sheet – Main Study version received 1 April
2015
13. Director Consent Form – Main Study version received 1 April 2015
14. Educator Information Sheet – Main Study version received 1 April
2015
15. Educator Consent Form – Main Study version received 1 April 2015
16. Survey for Parents
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Appendix D.2 – Ethical Approval – Department of Education (NSW)

Miss Jade McNeill
University of Wollongong
Northfields Avenue
WOLLONGONG NSW 2500

CORP16/11555
DOC16/419419
SERAP 2016136

Dear Miss McNeill
I refer to your application to conduct a research project in NSW government schools
entitled Preschool Activity, Technology and Health, Adiposity, Behaviour and Cognition
(PATH ABC). I am pleased to inform you that your application has been approved.
You may contact principals of the nominated schools to seek their participation. You
should include a copy of this letter with the documents you send to principals.
This approval will remain valid until 17-Mar-2017.
The following researchers or research assistants have fulfilled the Working with Children
screening requirements to interact with or observe children for the purposes of this
research for the period indicated:
Researcher name

WWCC

WWCC expires

Jade McNeill

WWC0509892V

15-Oct-2019

Melinda Smith

WWC0361211E

24-Apr-2019

Kathryn Duncan

WWC0566659E

30-Dec-2020

I draw your attention to the following requirements for all researchers in NSW
government schools:
The privacy of participants is to be protected as per the NSW Privacy and
Personal Information Protection Act 1998.
School principals have the right to withdraw the school from the study at any time.
The approval of the principal for the specific method of gathering information must
also be sought.
The privacy of the school and the students is to be protected.
The participation of teachers and students must be voluntary and must be at the
school’s convenience.
Any proposal to publish the outcomes of the study should be discussed with the
research approvals officer before publication proceeds.
All conditions attached to the approval must be complied with.
When your study is completed please email your report to: serap@det.nsw.edu.au
You may also be asked to present on the findings of your research.
I wish you every success with your research.
Yours sincerely

Dr Robert Stevens
Manager, Research
6 May 2016
School Policy and Information Management
NSW Department of Education

Level 1, 1 Oxford Street, Darlinghurst NSW 2010 – Locked Bag 53, Darlinghurst NSW 1300
Telephone: 02 9244 5060 – Email: serap@det.nsw.edu.au
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Appendix D.3 – Catholic School of Education (NSW)
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Appendix D.4 – Participant information sheet

PATH-ABC study
Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition.

Participant Information Sheet
Dear Parent /Carer,
We would like to invite you and your child to participate in the PATH-ABC study. Full details
about the project, its purpose, the researchers involved and what will be asked of you and your
child, should you agree for your child to be involved, are provided in this information sheet.
What is the purpose of this study?
Early childhood involves rapid and important changes in physical development, brain
development and social skills. Research in school-aged children has shown that levels of
physical activity and screen-based entertainment (e.g., TV viewing, computer games, and
computer use) influence these developmental changes. However, little is known about the
links between these behaviours and emotional, social and cognitive (thought processing)
development and cardiovascular health (heart and blood vessels) during early childhood. This
study will investigate if physical activity and screen-based entertainment are linked to
emotional and social development, thinking processes and vascular health among 500
preschoolers in the Illawarra. For children still attending the same early childhood service in
2016, participation in the study will involve completing assessments twice, once between
April and November 2015, and a second time 12-months later between April and November
2016.
We are asking for your assistance in furthering research in this area, by allowing your
child to participate in this study. Your participation in this research is voluntary.
What will we ask you and your child to do?
This study will use several different ways to collect information about your child’s
behaviours and developmental outcomes, as detailed below.
Once we have received Parental/Guardian consent we will ask your child if they would like
to participate in the activities in this study. We will say to your child “Hello, my name is
__________________. I work at the University of Wollongong. We have asked your parents
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if it is ok for you play some iPad games and do some other activities with us today. Your
parents said it’s OK for you to play and to do these activities with us. Do you want to try the
games? If you ever want to stop playing the games, just tell me. OK? Are you ready to play?
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While at their childcare service, children will have their height, weight, waist
circumference measured by a researcher. Children will also have their blood pressure and
heart rate measured. Heart rate will be measured by a small device, which will be attached
by sensors (like stickers) to children on their right and left collarbone and hipbone for
approximately 10min while playing two games on an iPad. Children will also have a photo
of their eye (retinal image) taken using a portable camera. This photo is not invasive and is
used to look at the development of the body’s small blood vessels, which are an indicator of
cardiovascular health and development. Children will also have a photo of their eye (retinal
image) taken using a portable camera. This photo is not invasive and is used to look at the
development of the body’s small blood vessels, which are an indicator of cardiovascular
health and development.
To examine cognitive development children will complete five 'games' at their childcare
service that involve higher order thinking processes. These games evaluate children’s shortterm or working memory, ability to self-regulate (inhibition), ability to shift between
instructions (shifting) and their expressive vocabulary. All games are on an iPad, they include
a working memory game about a cartoon ant, a working memory game using auditory
instruction, a fish catching game to assess inhibition, an object naming game to asses
vocabulary, and a card-sorting task to assess the ability to shift between different sets of rules.
Together, these tasks will take approximately 15-20 minutes to complete, but children will
get to have breaks between games. A trained data collector will sit with the child in a quiet
but public area, away from the main group of children. Children’s Primary Educators will be
present at all times. All research staff will have Working with Children Checks.
To understand children’s social and emotional development, children will be given cartoon
scenarios and an accompanying story with a depicted character. Children will be asked to
identify the appropriate emotional outcome (in each scenario). Children will then be shown
photographs of children’s faces showing 5 different emotional expressions, and they will be
asked to identify each emotion. Children will also watch a short video where a puppet will
provide the child with a statement (e.g., seeing a child crying makes me feel like crying), and
the child will respond by stating if they are like/not-like the puppet. Together these tasks will
take approximately 15 minutes to complete.
To understand children’s level of physical activity and sleep, they will
be asked to wear an activity monitor (known as an accelerometer) for
one week on their waist using an elastic belt. Children will be asked
to wear the monitor during the day and night, but monitors will be
removed for water-based activities such as having a bath. The monitor
is small, light and unobtrusive, and has been worn by many preschoolaged participants in previous studies by us and others. In our
experience some children can be very excited about something
unfamiliar like wearing an activity monitor on a belt, and others can be
more hesitant. We will read story books to your child to familarise
them with the belt and assist in making your child comfortable and excited about wearing the
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activity monitor. These stories appeal to children’s imagination by pretending that the belt is
magic.
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Parents/Guardians will be asked to complete:
- an online Media and Activity Diary – for five days (three week days and two weekend
days) to record a detailed description of your child’s media use and participation in organised
(e.g., swimming lessons) and non-organised physical activities (e.g., playing at a park). We
estimate that each day’s diary will take approximately 10 minutes to complete. We will ask
for your email address so that we can send you the link. Paper versions can be provided if
necessary.
- an online parent survey - This will provide us with background information about those
involved in the study. Some examples of these questions are ‘What is your full name?”,
“What is your postcode?” and “What is your marital status?”. This can be completed using
paper format if you prefer.
- an Activity Monitor Log to record times when children remove their monitor (e.g., bath
time and swimming lessons).
You will be provided with a sealed enveloped to return your information and questionnaires
completed via paper format. Please return these forms to the Director/ educator at your
service in the envelope provided. All information will be kept confidential, and will be passed
on to the study team.
If your child attends their childcare service again in 2016, we will contact you via information
sheets through the childcare service prior to repeating the same assessments in 12 months
time.
Educators will be asked to complete:
- a one page survey about your child’s social and emotional development.
What are the benefits and risks involved in this study?
The findings of this study will provide information about the influence of physical activity
and screen behaviours on health and developmental outcomes in young children. This
knowledge may benefit parents, educators, health professionals and governments to develop
and implement programs and policies that support children’s development and health. Other
than the time spent completing the diary and questionnaire (approximately 60 minutes total
over a week) and data collection activities such as supporting your child wear their activity
monitor, there are minimal risks associated with this study. To recognise you and your child’s
participation in the study you will be given a $10 gift voucher, redeemable at Coles/Myer,
once the data collection forms have been returned and the activity monitor has been worn for
at least 4 full days (including one weekend day) and returned.
There is a very small risk that the children may find wearing the activity monitor
uncomfortable or that they may get injured at the point where the monitor is worn if they
have a fall. From our experience with many families of preschool-aged children, these risks
are minimal. Children will be free to remove the activity monitor if they cause any distress.
One of the emotional understanding activities will require children to consider how another
child might feel if their pet died, and other tasks require children to consider how they might
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feel if another child was hurt, crying, or couldn’t find anyone to play with, which could
potentially be upsetting for some children. Should this occur, educators and members of the
research team will endeavour to comfort your child to minimise any associated distress, and
they will no longer be required to complete these tasks. If your child has any contact allergies
(e.g., to adhesive medical tape used for heart rate sensors) please notify us on the consent
form.
Most of the assessments do not provide information that could be used to diagnose
developmental or health conditions among children. Abnormal values for cardiovascular
outcomes will be checked by a clinician and, where appropriate, parents will be contacted
and advised to visit their child’s GP. If you are worried about your child’s development or
behaviour, you can talk to your GP or paediatrician or child health specialist.
Participation in the study
You and your child are free to discontinue participation at any time. Discontinuation of your
or your child’s involvement will not jeopardise your or your child’s current or future
relationship with your childcare service or with the University of Wollongong. If your child
withdraws from the study their data up to that point will be used in the analyses, unless you
specifically request for the data not to be used. This can be done at any time during or after
data has been collected by writing to the Chief Investigator or Project manager, or the service
Director.
What will happen to the information that you provide?
All information collected during this study will be kept strictly confidential and be stored in
a locked office or password protected computers for five years. All data collected will be
property of the research team at the University of Wollongong. The data will only be
accessible by members of the research team. Once data collection is completed, data will be
de-identified. This means that all identifiable data, such as names, will be removed for the
analysis and report writing. Data from parents, educators and children will be merged into a
database, and examined for the group of participating children. Data may be used in research
papers theses and conference presentations, however your identity, your child’s identity and
that of your early childcare service will be kept strictly confidential. All data collected and
results of any assessments will be kept fully confidential and not shared with your child’s
service. Due to the nature of the assessments, it is not appropriate to provide feedback on
individual child results to parents, as the nature and scope of the assessments does not allow
a comprehensive evaluation of behaviour and cognition at an individual level.
Who is conducting the study?
§
§
§
§
§
§
§

Dr Dylan Cliff, School of Education, University of Wollongong.
Dr Steven Howard, School of Education, University of Wollongong.
Dr Stewart Vella, School of Education, University of Wollongong.
Prof Tony Okely, School of Education, University of Wollongong.
Mrs Tamara Raso, School of Education, University of Wollongong.
Mrs Melinda Smith, School of Education, University of Wollongong.
Miss Jade McNeill, School of Education, University of Wollongong
279

Appendix

D

§
Prof Ian Wright, Graduate School of Medicine, University of Wollongong
§
Prof Megan Kelly, Graduate School of Medicine, University of WollongongProf
Marc De Rosney, School of Education, University of Wollongong.
§
Mr Doug Angus, School of Psychology, University of Sydney.
This study is funded by the Australian Research Council (DE140101588) and the Illawarra
Health and Medical Research Institute.
If you are happy for your child to participate in this study, please complete the attached
consent form and return it to the Director of your childcare service on your child’s next
day of attendance.
Kind Regards,
Dr Dylan Cliff
ARC DECRA Senior Research Fellow
Early Start Research Institute
School of Education, University of Wollongong
dylanc@uow.edu.au
Ph: 4221 5929
If you have any questions regarding the study, please contact Ms Tamara Raso 02 4221 5517;
email path-abc@uow.edu.au or Dr Dylan Cliff on 02 4221 5929. If you have any concerns or
complaints regarding the way the research is or has been conducted, you can contact the
University of Wollongong Ethics Officer on (02) 4221 3386 or email rso- ethics@uow.edu.au.
Your participation in this project will be greatly appreciated.
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Appendix D.5 – Parent consent form

PATH ABC
Preschool Activity, Technology, Health, Adiposity, Behaviour and
Cognition.
Research Conducted by Dr Dylan Cliff, Dr Steven Howard, Dr Stewart Vella, Prof Tony
Okely, Ms Tamara Raso, Ms Melinda Smith, Miss Jade McNeill, Prof Ian Wright and Dr
Megan Kelly, Prof Marc de Rosnay, Mr Doug Angus.

Consent Form
I have been given information about the “Preschool Activity, Technology, Health, Adiposity,
Behaviour and Cognition” study and have had the opportunity to discuss the study with my
child’s childcare service Director, or Dr Dylan Cliff.
•

I understand that if I consent for my child to participate they will be asked to:
Wear an activity monitor on their waist for one week;

•

Participate in five short electronic games, picture games and watch a short video with
puppets to examine their thinking process, cognitive and emotional development,

•

Have their height, weight and waist circumference assessed by a trained research
assistant;

•

Have their blood pressure and heart rate measured, and

•

Have photos of their eyes (retinal image) taken.

•

I understand that if I consent for my child to participate I will be asked to complete:
An activity monitor log to record when my child’s monitor was worn or removed,

•

An online Media Diary to record my child’s electronic media use and reading over a
period of five days (link will be sent via email) and;

•

An online parent survey (link will be sent via email).
¨

(Please tick if you would like to complete the Media Diary and Parent Survey in

paper format)

•

I understand that an Educator at my child’s Childcare Service will be asked to complete:
A survey about my child’s social and emotional development.
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I have been advised of the potential risks and burdens associated with this study. I understand
that my participation and my child’s participation is voluntary and that I and/or my child are
free to withdraw from the study at any time. Withdrawal from the study will not affect my
relationship or that of my child’s, with our childcare service or with the University of
Wollongong, now or in the future. Furthermore, I understand that the information provided
may be used in papers, conferences presentations or future grant applications.
If I have any enquires about the study, I can contact Ms Tamara Raso 02 4221 5517; email pathabc@uow.edu.au or Dr Dylan Cliff on 02 4221 5929. If I have any concerns or complaints
regarding the way the study is or has been conducted, I can contact the University of Wollongong
Ethics Officer on (02 ) 4221 3386 or email rso-ethics@uow.edu.au.
By signing below I am indicating my consent for my child and I to participate in this study as
it has been described to me in the information sheet and in discussion with my service Director
or Dr Dylan Cliff.
If you would like your child to participate can you please return this completed form on
your child’s next day of attendance.
Your co-operation in this study will be greatly appreciated
In the consent form below we request your address and contact phone numbers incase we
need to contact you to pick up activity monitors from you directly, instead of from the
centre your child attends. This may happen if your child does not attend the centre on the
days we are there to collect the monitors from you. We also ask for these details so that we
can contact you if there is incomplete information in the surveys and logs we ask you to
complete. All information will be kept entirely confidential and only accessible by those
listed in the Ethics application for this research project.
Data collected in this research project may be used in future research studies and theses,
research papers, conference presentations and grant applications, however your identity, your
child’s identity and that of your early childcare service will be kept strictly confidential.
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PARENT CONSENT FORM
I (your name)
________________________________________________________________
agree for my child (child’s full name) ____________________________________
to take part in the “Preschool Activity, Technology, Health, Adiposity, Behaviour and
Cognition” study.
Child’s Date of Birth:

___________________________________(DD/MM/YYYY)

Sex of the Child:

___________________________________(male/female)

Address:

___________________________________

Postcode:

___________________________________

Phone:

(H)

___________________________________

(M)

___________________________________

Email address:

___________________________________

Signature:

___________________________________

Date:

___________________________________

Name of Childcare Service: ___________________________________
Which days of the week does your child attend this Childcare Centre?
¨1 Monday

¨2 Tuesday

¨3 Wednesday

¨4 Thursday

¨5 Friday

In 12 months my child will be attending (please tick):
¨1 This preschool/ long day care

¨2 Primary school

¨3 Not sure

Please indicate if your child has any contact allergies (e.g., to adhesive medical tape used for
heart rate sensors):
______________________________________________________________________
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Appendix D.6 – Accelerometer instruction sheet
Activity Monitor Instruction sheet
Thank you for taking part in the PATH-ABC study. As part of the study children will be
asked to wear an activity monitor for 7 days including a weekend. The monitors are like
pedometers but record more information. You don’t need to plan any special activities while
your child is wearing the monitor - all you have to do is help your child to wear the monitor
while they go about their normal week.
As the waist monitor is not waterproof, please remove it from your child for water activities
(eg. baths, swimming, and beach visits). Otherwise the monitor can be left on, including
during daytime naps and while sleeping at night because the information collected can be
used to understand children’s sleep as well as their activity. If your child is particularly
unwell and unable to wear the activity monitor, please delay wearing the belt until your
child is well. If this exceeds five days please contact us. Once your child has worn the
monitor for 7 days, please return it to their Childcare Centre in the envelope provided.
How to fit the activity monitor

1. Place the belt around your child’s waist

With the monitor at the front on the right hand side
(in line with the right leg)
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2. Ensure that the black circle on the monitor is
facing up.
The monitor can be worn on top, or
underneath clothes, whichever is most
comfortable. We recommend placing the
monitor underneath a layer of clothing and
then children tend to forget they have it on.

If you have any questions regarding the study, please contact Ms Tamara Raso 02 4221
5517, email: path-abc@uow.edu.au or Dr Dylan Cliff on 02 4221 5929.
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Appendix D.7 – Parent quentionnaire

Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition study

Preschool Activity, Technology, Health, Adiposity, Behaviour and Cognition
Survey for Parents
Thank you for taking the time to complete this survey. The MAIN CAREGIVER of the participating
child/children should complete this survey. The main caregiver is the person who lives with the participating
child/children and is most knowledgeable about their behaviour and daily care arrangements. The survey could
take up to 15 minutes to complete, although it may vary depending on your answers.
If you have more than one child participating in the study, you will need to complete up to question 33 for each
child.
The survey will provide valuable information about the children and families in the study. Every child is
different and it is important that the information provided for each child is right for them. The researchers are
interested in understanding the health and development of preschool children in the Illawarra – they are not
interested in passing judgements about children, parents or childcare centres. All information will be treated
confidentially, will be de-identified (names will be removed), and will only be seen by the research team. This
is a paper version of the online parent survey. If you intend to complete this online, please follow the link and
instructions that will be provided to you via email, and disregard this paper version.
Most questions can be answered by ticking or crossing in the boxes.
•
•
•
•
•

Please answer each questions the best you can
Use only a black or dark blue pen to complete this questionnaire
If you make a mistake, or want to change any of your responses, please put a cross through the incorrect response
and print your new response just below or next to the one you have crossed out
Please place the questionnaire in the envelope provided, seal it and return it back to your service
If you need help completing this questionnaire, please contact our Project Manager Tamara Raso on (02) 4221
5517 .

1.

Your full name (first name then surname): ______________________________________

2.

Your child’s full name _________________________________

3.

Child’s date of birth (DD/MM/YYYY): ______-_______-_______

4.

What is your child sex?

5.

What was your child’s birth weight (in kilograms) (please write "Don't Know" if you don't know)?
____________ kg

286

¨1 Male¨2 Female

PATH- ABC study related documentation

What was your child’s gestational age at birth? (e.g., 40 weeks) __________weeks
6.

What is your child’s country of birth?
¨1 Australia
¨2 Other (please specify) __________________________________

7.

Is your child of Aboriginal and/or Torres Strait Islander origin? (Please shade ONE circle only)
¨1 Yes, Aboriginal and/or Torres Strait Islander
¨2 No
¨3 Don’t know

8.

Does your child have a family history of the following conditions from their biological mother of father: (please
tick all that apply)
¨1 Cardiovascular Disease/ Stroke/ Heart Disease
¨2 Diabetes
¨3 Cancer
¨4 High Blood pressure

9.

Please identify if your child’s biological mother or father currently has, or has had any of the following
conditions (if known)
Biological Mother
Biological Father
¨1 Cardiovascular Disease/ Stroke/ Heart Disease
¨1 Diabetes
¨2 Diabetes
¨2 Cardiovascular Disease/ Stroke/ Heart Disease
¨3 Cancer
¨3 Cancer
¨4 High Blood pressure
¨4 High Blood pressure
How many serves of the following foods and drinks does your child eat on a USUAL day (please refer to the
serving sizes)?

None

1/2

1

2

3

4

5+

Don't Know

Vegetables (1 serve is 1/2 cup cooked fresh/frozen veg
or 1/2 medium potato or 1 medium tomato or 1 cup of
salad)

¨

¨

¨

¨

¨

¨

¨

¨

Fruit (1 serve is 1 medium piece Eg. apple or 2 small
pieces Eg. 2 plums or 1 cup fruit salad or 1/2 cup 100%
juice)

¨

¨

¨

¨

¨

¨

¨

¨

Breads and cereals (1 serve is 1 slice bread or 1/2 bread
roll or 1/2 wrap or 1/2 cup cooked rice/pasta/noodles or
1/4 cup cereal or 1/2 cup porridge)

¨

¨

¨

¨

¨

¨

¨

¨

Meat and alternatives (1 serve is 65g red
meat/pork/lamb or 80g chicken or 100g fish or 2 eggs
or 30g nuts/seeds or 1 cup cooked lentils/beans)

¨

¨

¨

¨

¨

¨

¨

¨

Dairy and alternatives (1 serve is 1 cup fresh milk or 2
slices of cheese or 3/4 cup yoghurt)

¨

¨

¨

¨

¨

¨

¨

¨
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None/
rarely

1-3
times/mth

1-2
times/wk

3-4
times/wk

5-6
times/wk

Once
a day

2 or more
times/day

Don't know

Takeaway or fast food (eg hot
chips, hamburgers, chicken nuggets,
sausage rolls, hot dogs, pizza)

¨

¨

¨

¨

¨

¨

¨

¨

Sugary cereals (eg CocoPops, Froot
Loops, etc)

¨

¨

¨

¨

¨

¨

¨

¨

Potato chips or other salty snacks
(eg Twisties, Doritos)

¨

¨

¨

¨

¨

¨

¨

¨

Sweets (eg lollies, chocolate)

¨

¨

¨

¨

¨

¨

¨

¨

Cakes, doughnuts, sweet biscuits or
muffins

¨

¨

¨

¨

¨

¨

¨

¨

Sugary drinks (eg. soft drink,
cordial, fruit drinks, sports/energy
drinks)

¨

¨

¨

¨

¨

¨

¨

¨

10. How often would your child USUALLY eat and drink the following foods and beverages:

11. How many hours per night does your school age child usually sleep at the moment? (Please write the number)
_____________________ hours
12. Does anyone at home ever read to your child?
¨1 Yes ¨2 No (skip to Q16)
13. How often does someone at home read to your child?
¨1
¨2
¨3
¨4
¨5

Occasionally or less than once a week
Once a week
Several times a week
Once a day
More than once a day

14. Does anyone ever take your child to the library?
¨1 Yes ¨2 No (skip to Q18)
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15. How often does someone at home take your child to the library?
¨1
¨2
¨3
¨4

On special occasions
Once a month
Once a fortnight
Once a week

16. Does anyone at home ever teach your child a sport, dance or physical activity?
¨1 Yes ¨2 No (skip to Q20)
17. How often does someone at home teach your child a sport, dance or physical activity?
¨1 Occasionally or less than once a week
¨2 1-2 days per week
¨3 3 times per week
¨4 4 times per week
¨5 5 times per week
¨6 6 times per week
¨7 7 times per week or more
18. Does anyone at home ever play with letters with your child?
¨1 Yes ¨2 No (skip to Q22)
19. How often does someone play with letters at home with your child?
¨1 Occasionally or less than once a week
¨2 1-2 days per week
¨3 3 times per week
¨4 4 times per week
¨5 5 times per week
¨6 6 times per week
¨7 7 times per week or more
20. Does anyone at home ever help this child to learn the ABC or the alphabet?
¨1 Yes ¨2 No (skip to Q24)
21. How often does someone teach your child the ABC or alphabet?
¨1 Occasionally or less than once a week
¨2 1-2 days per week
¨3 3 times per week
¨4 4 times per week
¨5 5 times per week
¨6 6 times per week
¨7 7 times per week or more
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22. Does anyone at home ever teach your child numbers or counting?
¨1 Yes ¨2 No (skip to Q26)
23. How often does someone at home try to teach your child numbers or counting?
¨1 Occasionally or less than once a week
¨2 1-2 days per week
¨3 3 times per week
¨4 4 times per week
¨5 5 times per week
¨6 6 times per week
¨7 7 times per week or more
24. Does anyone at home ever teach your child any songs, poems or nursery rhymes?
¨1 Yes ¨2 No (skip to Q28)
25. How often has someone taught your child songs, poems or nursery rhymes?
¨1 Occasionally or less than once a week
¨2 1-2 days per week
¨3 3 times per week
¨4 4 times per week
¨5 5 times per week
¨6 6 times per week
¨7 7 times per week or more
26. Does your child ever paint or draw at home?
¨1 Yes ¨2 No (skip to Q30)
27. How often does your child paint or draw at home?
¨1 Occasionally or less than once a week
¨2 1-2 days per week
¨3 3 times per week
¨4 4 times per week
¨5 5 times per week
¨6 6 times per week
¨7 7 times per week or more
28. Does your child have a TV in their bedroom?

¨1 Yes

¨2 No

29. Which and how many of the following do you have in your household, including in cars (please tick and specify
the number of devices to all that apply)
TV
DVD player
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Tablet (e.g., Ipad)
Computer (laptop/desktop)
Mobile phone
Computer game system (e.g., Xbox, Playstation, Nintendo)
Active computer game system (e.g., Xbox Kinnect, Nintendo Wii)
Hand held electronic device (e.g., Ipod)
Hand held electronic game (e.g., Nintendo DS)

¨1
¨1
¨1
¨1
¨1
¨1
¨1

No of devices
No of devices ________
No of devices ________
No of devices ________
No of devices ________
No of devices ________
No of devices ________

30. In total, how many electronic media devices are available in your household for your child to use, including in
cars (Please exclude devices that you don’t allow your child to use). _________________
31. Thinking about the last month, which of the following indoor LEISURE activities does your child
USUALLY do during a typical WEEK? For this question, please think about the time your child is not at their
child center. Please circle either ‘Yes’ or ‘No’ for each item.
For items you have circled ‘Yes’, please write the TOTAL time your child participates in the activity for the
WHOLE working/school week (that is, Monday + Tuesday + Wednesday + Thursday + Friday). Please also
write the TOTAL time your child participates in the activity for the WHOLE weekend (that is, Saturday +
Sunday). If you circle ‘Yes’ for an activity and your child only participates in that activity during either the
working/ school week or the weekend, please write ‘0’ in the TOTAL hours column for the period they do not
do that activity. Here is an example
During a typical WEEK what leisure activities does
your preschool child usually do?

Does your preschool
child usually do this
activity? (please circle
ONE for each answer

TOTAL
hours/minutes
Monday-Friday

TOTAL
hours/minutes
Saturday&Sunday

TV/videos/DVD
Playstation/ Nintendo/ X-box/Gameboy

Yes1
Yes1

15hrs
0

6hrs 30mins
2hrs 0mins

During a typical WEEK what leisure activities does
your preschool child usually do?
TV programs/ movies/ Internet clips on traditional
devices (e.g., TV/DVD)

No2
No2

Does your preschool child
usually do this activity?
(please circle ONE for
each answer
Yes1
No2

TV programs/ movies/ Internet clips on other
devices (e.g., Tablet/ IPad, DVD in car, Computer,
Laptop, Handheld-mobile phone etc.)

Yes1

No2

Games/Apps on portable/handheld devices (e.g.,
Tablet, IPad, mobile phone, handheld game system
(Nintendo DS), Ipod)

Yes1

No2

Console Games (non-active) on Console game
system (e.g., Playstation, Xbox)
Console Games (active) (e.g., Wii, Xbox kinnect,

Yes1

No2

Yes1

No2

Quiet Play (e.g., Lego, books, train sets, dolls, board
games, craft)

Yes1

No2

Imaginary games (e.g., dress ups, imitating TV
characters)
Reading, looking at books, or being read to

Yes1

No2

Yes1

No2

TOTAL
hours/minutes
Monday-Friday

TOTAL
hours/minutes
Saturday&Sunday

291

Appendix

D

32. Thinking about the last 6 months, has your child regularly attended any special or extra cost activities that
are not part of his/her normal child care, pre-school or school activities? (Regular means weekly or fortnightly
activities, even if they lasted less than 6 months) (please tick yes or no)

Swimming
Gymnastics/Kindergym
Team sport (athletics, football etc.)
Musical instruments or singing
Ballet or other dance
Children's religious group (Sunday school etc.)
Other _________________

Yes

No

¨1
¨1
¨1
¨1
¨1
¨1
¨1

¨2
¨2
¨2
¨2
¨2
¨2
¨2

The following information questions provide important demographic information to describe the families
involved in the study.
33. Your date of birth (DD/MM/YYYY): _______-_______-_______
34. What is your sex? (please tick one)

¨1 Male¨2 Female

35. What is the main language you speak at home? (please tick one)
¨1 English

¨2 Other (please specify) _______________________

36. What is your highest level of schooling? (please tick one only)
¨1 No formal qualification
¨2 Year 10 or equivalent (e.g. School Certificate)
¨3 Year 12 or equivalent (e.g. Higher School Certificate)
¨4 Trade/apprenticeship/certificate (e.g. hairdresser, chef, plumber)
¨5 Diploma (e.g. Business/Accounting)
¨6 University degree
¨7 Post-graduate qualification (e.g. Graduate Diploma, Masters, PhD)
37. Are you currently: (Please tick one)
¨1 Employed full time
¨2 Employed part time
¨3 Home-duties full time
¨4 A student
¨5 Unemployed
¨6 Other (please specify) _______________________
38. Before income tax is taken out, what is your combined household income from all sources in total?
$ __________
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39. What period does that cover?
¨1 Week
¨2 Fortnight
¨3 4 weeks
¨4 Calendar month
¨5 Year
¨6 Other
¨7 Don’t know
¨8 Refused
40. Please specify how many people live in your household?
____________________________________________________
41. What is your current marital status?
¨1 Never married, single parent
¨2 Never married, live with partner
¨3 Married, live with spouse,
¨4 Separated/ Divorced
¨5 Widowed
42. Do you or your partner have a Health Care Card or Pension Card (from Centrelink)? (Please tick one)
¨1 Yes

¨2 No

Thank you very much for taking the time to complete this survey – Please return when your
child next attends childcare.
If I have any enquires about the study, I can contact Ms Tamara Raso 02 4221 5517; email pathabc@uow.edu.au or Dr Dylan Cliff on 02 4221 5929. If I have any concerns or complaints regarding the
way the study is or has been conducted, I can contact the University of Wollongong Ethics Officer on (02
) 4221 3386 or email rso-ethics@uow.edu.au.
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Appendix D.8 – Director Information sheet

PATH-ABC study
Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition.
Director Information Sheet
Dear Director,
We would like to invite you and your service to participate in the PATH-ABC study.
Full details about the project, its purpose, the researchers involved and what will be asked of
your childcare service, are provided in this information sheet.
What is the purpose of this study?
Early childhood involves rapid and important changes in physical development, brain
development and social skills. Research in school-aged children has shown that levels of
physical activity and screen-based entertainment (e.g., TV viewing, computer games, and
computer use) influence these developmental changes. However, little is known about the
links between these behaviours and emotional, social and cognitive (thought processing)
development and cardiovascular health (heart and blood vessels) during early childhood. This
study will investigate if physical activity and screen-based entertainment are linked to
emotional and social development, thinking processes and vascular health among 500
preschoolers in the Illawarra.
What will we ask you to do?
If you decide that you would like to participate in this study we ask that your service take part in
the following:
1. We ask you to assist us in distributing Parent Information Sheets and Consent forms to recruit
eligible families to participate in the study.
2. We ask permission for UOW Data Collectors to visit your service across five days to assess
children who are participating. These assessments are outlined below.
3. We ask for your assistance in distributing and collecting all parent surveys, activity monitor logs
and children’s activity monitors from the participants in the study. Parent surveys and children’s
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activity monitor logs will be returned by parents to the Service in sealed envelopes, and we ask
that you collect these prior to collection by a member of the research team.
4. We will ask you and your staff to complete the same assessments 12 months later with the
same consenting children.

•

What we will ask your Educators to do?
If you decide that you would like your service to take part in this study we would ask your
educators to:
complete a questionnaire for each of the children that they supervise who are participating in
the study (approximately 5 minutes each child). The questionnaire will report on each child’s
social and emotional development. We will ask educators to complete the questionnaire a
second time in 2016 for participating children who are still attending your early childhood
service.
Given Parent/Guardian consent has been gained, what will we ask the children to do?
This study will use several different ways to collect information about children’s behaviours
and developmental outcomes, as detailed below.
While at their childcare service, children will have their height, weight, and waist
circumference measured by a data collector. Children will also have their heart rate
measured, and their blood pressure taken by a trained data collector. Heart rate will be
measured by a small device, which will be attached by stickers to children on their collar and
hipbone for approximately 10min while playing two games on an iPad. Children will also
have a photo of their eye (retinal image) taken using a portable camera. This photo is not
invasive and is used to look at the development of the body’s small blood vessels, which are
an indicator of cardiovascular health and development. To examine cognitive development
children will complete five computer-based 'games' on an Ipad at their childcare service
that involve higher order cognitive processes, known as executive functions. These games
evaluate children’s working memory, inhibition, expressive vocabulary and shifting between
instructions. All tasks are completed on a IPad, they include a working memory game about
a cartoon ant, a working memory game using auditory instruction, a fish catching game to
assess inhibition, a object naming game to asses vocabulary, and a card-sorting task to assess
the ability to shift between different sets of rules. Together, these tasks will take
approximately 15-20 minutes to complete. These tasks will take place within the childcare
service. A trained data collector will sit with the child in a quiet but public area of their
appropriate room, away from the main group of children. They will still be in constant visual
and verbal contact with the Educators.
To understand children’s social and emotional development, children will be given cartoon
scenarios and an accompanying story with a depicted character. Children will be asked to
identify the appropriate emotional outcome (in each scenario). Children will then be shown
photographs of children’s faces showing 5 different emotional expressions, and they will be
asked to identify each emotion. Children will also watch a short video where a puppet will
provide the child with a statement (e.g., seeing a child crying makes me feel like crying), and
the child will respond by stating if they are like/not-like the puppet. Together these tasks will
take approximately 15 minutes to complete.
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To understand children’s level of physical activity and sleep, they
will be asked to wear an activity monitor (known as an
accelerometer) for one week on their waist using an elastic belt.
Children will be asked to wear the monitor during the day and
night, but monitors will be removed for water-based activities
such as having a bath. The monitor is small, light and unobtrusive,
and has been worn by many preschool-aged participants in
previous studies by us and others. The participating children will
be wearing their monitor while in the childcare service, and may
have times when they wish to remove their monitor. This is
acceptable for them to remove their monitor if they do not wish to
wear it anymore. We only ask that educators ask children if they would like to wear the
monitor again after a short time or before they leave the service. If the child does not want to
wear the monitor any longer then we ask if educators could place it in their bag and inform
the parent/guardian when they are picked up where the monitor is. All research staff will
have Working with Children Checks.
Parents/Guardians will be asked to complete:
- an online Media Diary – for five days (three week days and two weekend days) to
record a detailed description of their child’s media and physical activities.
- a online parent survey - This will provide us with background information about those
involved in the study.
- an Activity Monitor Log to record times when children remove their monitor (e.g., bath time
and swimming lessons).
What are the benefits and risks involved in this study?
There is no direct benefit to Childcare Services or staff of participation in the study.
There is a very small risk that the children may find wearing the activity monitor
uncomfortable. From our experience with many families of preschool-aged children, the risk
of this is minimal. Children will be free to remove the activity monitor if they cause any
distress. One of the emotional understanding activities will require children to consider how
another child might feel if their pet died, and other tasks require children to consider how
they might feel if another child was hurt, crying, or couldn’t find anyone to play with, which
could potentially be upsetting for some children. Should this occur, educators and members
of the research team will endeavour to comfort the child to minimise any associated distress,
and they will no longer be required to complete these tasks.
The findings of this study will provide information about the influence of physical activity
and screen behaviours on health and developmental outcomes in young children. This
knowledge may benefit parents, educators, health professionals and governments to develop
and implement evidence-based strategies and policies to give young children the best start in
life.
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Participation in the study
Your childcare service is free to discontinue participation at any time. Discontinuation will
not jeopardise your current or future relationship with the University of Wollongong. Your
participation in this research is voluntary. This can be done at any time during or after data
has been collected by writing to the Chief Investigator or Project manager, or the service
Director.
What will happen to the information that parents and children provide?
All information collected during this study will be kept strictly confidential and be stored in
a locked office or password protected computers for five years. Paper copies of data will be
stored in a locked filing cabinet. Data entered into computer programs will be stored in
password protected computers. All data collected will be property of the research team at the
University of Wollongong.
Once data collection is completed, data will be de-identified. This means that all identifiable
data, such as names, will be removed for the analysis and report writing. Data from parents,
educators and children will be merged into a database, and examined for the group of
participating children. Data may be used in research papers and theses conference
presentations, however parent’s identity, the child’s identity and that of your early childcare
service will be kept strictly confidential. All data collected and results of any assessments
will be kept fully confidential and not shared with the service you attend. Due to the nature
of the assessments, it is not appropriate to provide individual child results, as the nature and
scope of the assessments does not allow a comprehensive evaluation of behaviour and
cognition at an individual level.
Who is conducting the study?
§
Dr Dylan Cliff, School of Education, University of Wollongong.
§
Dr Steven Howard, School of Education, University of Wollongong.
§
Dr Stewart Vella, School of Education, University of Wollongong.
§
Prof Tony Okely. School of Education, University of Wollongong.
§
Mrs Tamara Raso, School of Education, University of Wollongong.
§
Mrs Melinda Smith, School of Education, University of Wollongong.
§
Ms Jade McNeill, School of Education, University of Wollongong.
§
Prof Ian Wright, Graduate School of Medicine, University of Wollongong.
§
Dr Megan Kelly, Graduate School of Medicine, University of Wollongong.
§
Prof Marc De Rosnay, School of Education, University of Wollongong.
§
Mr Doug Angus, School of Psychology, University of Sydney.
If you are happy for your service to participate in this study, please complete the attached
consent form and return it to the Project Manager or Research Assistant.
This study is funded by the Australian Research Council (DE140101588) and the Illawarra
Health and Medical Research Institute.
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Kind Regards,
Dr Dylan Cliff
ARC DECRA Senior Research Fellow
Early Start Research Institute
School of Education, University of Wollongong
dylanc@uow.edu.au
Ph: 4221 5929
If you have any questions regarding the study, please contact Ms Tamara Raso 02 4221 5517;
email path-abc@uow.edu.au or Dr Dylan Cliff on 02 4221 5929. If you have any concerns or
complaints regarding the way the research is or has been conducted, you can contact the
University of Wollongong Ethics Officer on (02) 4221 3386 or email rso- ethics@uow.edu.au.
Your participation in this project will be greatly appreciated.
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Appendix D.9 – Director consent form

Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition study

PATH-ABC study
Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition study

Director Consent Form
Research Conducted by Dr Dylan Cliff, Dr Steven Howard, Dr Stewart Vella, Prof Tony
Okely, Mrs Melinda Smith, Mrs Tamara Raso, Miss Jade McNeill, Prof Ian Wright, Dr
Megan Kelly, Prof Marc de Rosnay, Mr Doug Angus.
I have been given information about the study entitled: “PATH-ABC Study” and have had
the opportunity to discuss the study with Dr Dylan Cliff or the Project Manager.
I understand that if I consent to participating I will be asked to:
•

Assist researchers in distributing Parent Information Sheets, and Consent forms to eligible
families.

•

Assist UOW Data Collectors while they visit this Service across four days to assess children who
are participating.

•

Assist in distributing and collecting parent surveys and children’s activity monitors.

•

Assist staff in completing a questionnaire for all consenting participants in the study.

•

Assist in data collection over two time points 12 months apart (Once in 2015 and again in 2016).
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I have been advised of the potential risks and burdens associated with this study. I understand
that my participation is voluntary and that I am free to withdraw my childcare service from the
study at any time. Withdrawal from the study will not affect my relationship with the University
of Wollongong now or in the future. Furthermore, I understand that the information provided
may be used in papers, conferences presentations or future grant applications.
If I have any enquires about the study, I can contact Ms Tamara Raso 02 4221 5517; email
path-abc@uow.edu.au or Dr Dylan Cliff on 02 4221 5929. If I have any concerns or complaints
regarding the way the study is or has been conducted, I can contact the Complaints Officer,
Human Research Ethics Committee, University of Wollongong on +61 2 42214457 or by email
on rso-ethics@uow.edu.au
By signing below I am indicating my consent to participate in this study as it has been described
to me in the information sheet and in discussion with Dr Dylan Cliff.
Your co-operation in this study will be greatly appreciated
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Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition study

DIRECTOR CONSENT

I (your given and surname) ___________________________________
agree for my childcare service to take part in the study for the program entitled
“Preschool Activity, Technology, Health, Adiposity, Behaviour and Cognition study”
Signature:

___________________________________

Date:

___________________________________

Name of Childcare Service: ________________________
Postcode:

___________________________________

Service Phone: __________________________________
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Appendix D.10 – Educator information sheet

Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition study

PATH-ABC study
Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition.
Educator Information Sheet
Dear Educator,
We would like to invite you and your service to participate in the PATH-ABC study.
Full details about the project, its purpose, the researchers involved and what will be asked of
your childcare service, are provided in this information sheet.
What is the purpose of this study?
Early childhood involves rapid and important changes in physical development, brain
development and social skills. Research in school-aged children has shown that levels of
physical activity and screen-based entertainment (e.g., TV viewing, computer games, and
computer use) influence these developmental changes. However, little is known about the
links between these behaviours and emotional, social and cognitive (thought processing)
development and cardiovascular health (heart and blood vessels) during early childhood. This
study will investigate if physical activity and screen-based entertainment are linked to
emotional and social development, thinking processes and vascular health among 500
preschoolers in the Illawarra.
What will we ask your service to do?
If you decide that you would like to participate in this study we ask that you take part in the
following:
We ask you to assist us in distributing Parent Information Sheets and Consent forms to recruit
eligible families to participate in the study.
We ask permission for UOW Data Collectors to visit your service across five days to assess
children who are participating. These assessments are outlined below.
We ask for your assistance in distributing and collecting all parent surveys, activity monitor logs
and children’s activity monitors from the participants in the study. Parent surveys and children’s
activity monitor logs will be returned by parents to the Service in sealed envelopes, and we ask
that you collect these prior to collection by a member of the research team.
We will ask you and your staff to complete the same assessments 12 months later with the
same consenting children.
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What we will ask you to do?
If you decide that you would like to take part in this study we would ask you to take part in the
following:
We will ask you to complete a questionnaire (approximately 5 minutes) for each child that you
supervise who are participating in the study. The questionnaire will report on the child’s social
and emotional development.
Given Parent/Guardian consent has been gained, what will we ask the children to do?
This study will use several different ways to collect information about children’s behaviours
and developmental outcomes, as detailed below.
While at their childcare service, children will have their height, weight, and waist
circumference measured by a data collector. Children will also have their heart rate
measured, and their blood pressure taken by a trained data collector. Heart rate will be
measured by a small device, which will be attached by stickers to children on their collar and
hipbone for approximately 10min while playing two games on an iPad. Children will also
have a photo of their eye (retinal image) taken using a portable camera. This photo is not
invasive and is used to look at the development of the body’s small blood vessels, which are
an indicator of cardiovascular health and development. To examine cognitive development
children will complete five computer-based 'games' on an Ipad at their childcare service
that involve higher order cognitive processes, known as executive functions. These games
evaluate children’s working memory, inhibition, expressive vocabulary and shifting between
instructions. All tasks are completed on a IPad, they include a working memory game about
a cartoon ant, a working memory game using auditory instruction, a fish catching game to
assess inhibition, a object naming game to asses vocabulary, and a card-sorting task to assess
the ability to shift between different sets of rules. Together, these tasks will take
approximately 15-20 minutes to complete. These tasks will take place within the childcare
service. A trained data collector will sit with the child in a quiet but public area of their
appropriate room, away from the main group of children. They will still be in constant visual
and verbal contact with the Educators.
To understand children’s social and emotional development, children will be given cartoon
scenarios and an accompanying story with a depicted character. Children will be asked to
identify the appropriate emotional outcome (in each scenario). Children will then be shown
photographs of children’s faces showing 5 different emotional expressions, and they will be
asked to identify each emotion. Children will also watch a short video, a puppet will tell the
child a statement, the child will respond by stating if they are like/not-like the puppet.
Together these tasks will take approximately 15 minutes to complete.
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To understand children’s level of physical activity and sleep, they
will be asked to wear an activity monitor (known as an
accelerometer) for one week on their waist using an elastic belt.
Children will be asked to wear the monitor during the day and
night, but monitors will be removed for water-based activities
such as having a bath. The monitor is small, light and unobtrusive,
and has been worn by many preschool-aged participants in
previous studies by us and others. The participating children will
be wearing their monitor while in the childcare service, and may
have times when they wish to remove their monitor. This is
acceptable for them to remove their monitor if they do not wish to
wear it anymore. We only ask that educators ask children if they would like to wear the
monitor again after a short time or before they leave the service. If the child does not want to
wear the monitor any longer then we ask if educators could place it in their bag and inform
the parent/guardian when they are picked up where the monitor is. All research staff will
have working with children checks.
Parents/Guardians will be asked to complete:
- an online Media Diary – for five days (three week days and two weekend days) to
record a detailed description of your child’s media and reading activities.
- a online parent survey - This will provide us with background information about those
involved in the study.
- an Activity Monitor Log to record times when children remove their monitor (e.g., bath time
and swimming lessons).
What are the benefits and risks involved in this study?
There is no direct benefit to Childcare Services or staff of participation in the study.
There is a very small risk that the children may find wearing the activity monitor
uncomfortable. From our experience with many families of preschool-aged children, the risk
of this is minimal. Children will be free to remove the activity monitor if they cause any
distress. One of the emotional understanding activities will require children to consider how
another child might feel if their pet dies, which could potentially be upsetting for some
children. Should this occur, educators and members of the research team will endeavour to
comfort the child to minimise any associated distress.
The findings of this study will provide information about the influence of physical activity
and screen behaviours on health and developmental outcomes in young children. This
knowledge may benefit parents, educators, health professionals and governments to develop
and implement evidence-based strategies and policies to give young children the best start in
life.
Participation in the study
You are free to discontinue participation at any time. Discontinuation will not jeopardise your
current or future relationship with the University of Wollongong. Your participation in this
research is voluntary. This must be done in writing to the Chief Investigator or Project
manager.
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What will happen to the information that parents and children provide?
All information collected during this study will be kept strictly confidential and be stored in
a locked office. Paper copies of data will be stored in a locked filing cabinet. Data entered
into computer programs will be stored in password protected computers. All data collected
is property of The University of Wollongong. Once data collection is completed for each
child we will analyse the data, and at this point all data will be de-identified. This means that
all identifiable data, such as names will be removed, for the analysis and report writing. Data
may be used in research papers and theses conference presentations, however parent’s
identity, the child’s identity and that of your early childcare service will be kept strictly
confidential. All data collected and results of any assessments will be kept fully confidential
and not shared with the service you attend. Due to the nature of the tests, it is not appropriate
to provide individual child results.
Who is conducting the study?
§
§
§
§
§
§
§
§
§
§
§

Dr Dylan Cliff, School of Education, University of Wollongong.
Dr Steven Howard, School of Education, University of Wollongong.
Dr Stewart Vella, School of Education, University of Wollongong.
Prof Tony Okely. School of Education, University of Wollongong.
Mrs Tamara Raso, School of Education, University of Wollongong.
Mrs Melinda Smith, School of Education, University of Wollongong.
Ms Jade McNeill, School of Education, University of Wollongong.
Prof Ian Wright, Graduate School of Medicine, University of Wollongong.
Dr Megan Kelly, Graduate School of Medicine, University of Wollongong.
Prof Marc De Rosnay, School of Education, University of Wollongong.
Mr Doug Angus, School of Psychology, University of Sydney.

If you are happy for your service to participate in this study, please complete the attached
consent form and return it to the Project Manager or Research Assistant.
The Discovery Early Career Researcher Award (DECRA) PROJECT ID funds this study:
DE140101588 under the supervision of Dr Dylan Cliff.
Kind Regards,
Dr Dylan Cliff
ARC DECRA Senior Research Fellow
Early Start Research Institute
School of Education, University of Wollongong
dylanc@uow.edu.au
Ph: 4221 5929
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If you have any questions regarding the study, please contact Ms Tamara Raso 02 4221 5517;
email path-abc@uow.edu.au or Dr Dylan Cliff on 02 4221 5929. If you have any concerns or
complaints regarding the way the research is or has been conducted, you can contact the
University of Wollongong Ethics Officer on (02) 4221 3386 or email rso- ethics@uow.edu.au.
Your participation in this project will be greatly appreciated.
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Appendix D.11 – Educator consent form

Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition study

PATH-ABC study
Preschool Activity, Technology, Health
Adiposity, Behaviour and Cognition study

Educator Consent Form
Research Conducted by Dr Dylan Cliff, Dr Steven Howard, Dr Stewart Vella, Prof Tony
Okely, Mrs Melinda Smith, Mrs Tamara Raso, Miss Jade McNeill, Prof Ian Wright, Dr
Megan Kelly, Prof Marc de Rosnay, Mr Doug Angus.
I have been given information about the study entitled: “PATH-ABC Study” and have had
the opportunity to discuss the study with Dr Dylan Cliff or the Project Manager.
I understand that if I consent to participating I will be asked to:
•

Complete a questionnaire twice (once in 2015 or 2016 and again in 2016 or 2017) for all children
that I supervise who are participating in the study.
I have been advised of the potential risks and burdens associated with this study. I understand
that my participation is voluntary and that I am free to withdraw from the study at any time.
Withdrawal from the study will not affect my relationship with the University of Wollongong
now or in the future. Furthermore, I understand that the information provided may be used in
papers, conferences presentations or theses.
If I have any enquires about the study, I can contact Ms Tamara Raso 02 4221 5517, email:
path-abc@uow.ed.au or Dr Dylan Cliff on 4221 5929. If I have any concerns or complaints
regarding the way the study is or has been conducted, I can contact the Complaints Officer,
Human Research Ethics Committee, University of Wollongong on +61 2 42214457 or by email
on rso-ethics@uow.edu.au
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By signing below I am indicating my consent to participate in this study as it has been described
to me in the information sheet and in discussion with Dr Dylan Cliff.
Your co-operation in this study will be greatly appreciated

EDUCATOR CONSENT

I (your given and surnames) ___________________________________
agree to take part in the study for the program entitled
“Preschool Activity, Technology, Health, Adiposity, Behaviour and Cognition study”
Signature:

___________________________________

Date:

___________________________________

Name of Childcare Service: ________________________
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Appendix D.12 – Principal information sheet

PATH-ABC follow-up study
Preschool Activity, Technology, Health,
Adiposity, Behaviour and Cognition.
Principal Information Sheet
Dear Principal,
We would like to invite your school to participate in the PATH-ABC follow-up study.
Full details about the project, its purpose, the researchers involved and what will be asked of
your primary school, are provided in this information sheet.
What is the purpose of this study?
Early childhood involves rapid and important changes in physical development, brain
development and social skills. Research in school-aged children has shown that levels of
physical activity and screen-based entertainment (e.g., TV viewing, computer games, and
computer use) influence these developmental changes. However, little is known about the
links between these behaviours and emotional, social and cognitive (thought processing)
development and cardiovascular health (heart and blood vessels) during early childhood. This
study will investigate if physical activity and screen-based entertainment are linked to
emotional and social development, thinking processes and vascular health among 450 young
children in the Illawarra as they grow and develop. Children who participated in the study at
their preschool in 2015, will be followed into their primary school. The study will invite them
to take part in the follow-up at one of a number of locations, one of which could be their
primary school, between April and November 2016.
What will we ask you to do?
If you allow your School take part in the study we ask permission for:
University of Wollongong Data Collectors to visit your primary school to assess children
who are participating (approximately 60 minutes per child). These assessments are outlined
below. All research staff will have Working with Children Checks.
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What will we ask Teachers to do?
We will ask the child’s teacher to:
complete a 40-item questionnaire for each of the children that they teach who are participating
in the study (approximately 5 minutes each child). The questionnaire will report on each
child’s social and emotional development.
Example item: The child is considerate of other people’s feelings
☐ not true
☐ somewhat true
☐ certainly true
Given Parent/Guardian consent has been gained, what will we ask the children to do?

•
•
•
•
•

Children will be asked to complete the same assessments that they completed in 2015:
Wear an activity monitor on their waist for one week while at school, and also at their home;
Participate in five short electronic games, picture games and watch a short video with puppets
to examine their thinking process, cognitive and emotional development,
Have their height, weight and waist circumference assessed,
Have their blood pressure and heart rate measured, and
Have photos of their eyes (retinal image) taken.
Together, these tasks will take approximately 60 minutes to complete. A trained data
collector will sit with the child in a quiet but public area of your primary school (e.g., their
classroom).
What are the benefits and risks involved in this study?
There is no direct benefit to your primary school or staff for participation in the study.
The findings of this study will provide information about the influence of physical activity
and screen behaviours on health and developmental outcomes in young children. This
knowledge may benefit parents, teachers, health professionals and governments to develop
and implement evidence-based strategies and policies to give young children the best start in
life.
Participation in the study
Your school’s participation in this research is voluntary. Choosing not to participate will not
jeopardise your current or future relationship with the University of Wollongong.
What will happen to the information that teachers, parents and children provide?
All information collected during this study will be kept strictly confidential and be stored in
a locked office or password protected computers for five years. Paper copies of data will be
stored in a locked filing cabinet. Data entered into computer programs will be stored in
password protected computers. All data collected will be property of the research team at the
University of Wollongong.
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Once data collection is completed, data will be de-identified. This means that all identifiable
data, such as names, will be removed for the analysis and report writing. Data from parents,
teachers and children will be merged into a database, and examined for the group of
participating children. Data may be used in research papers and theses conference
presentations, however parent’s identity, the child’s identity and that of your school will be
kept strictly confidential. All data collected and results of any assessments will be kept fully
confidential and not shared. Due to the nature of the assessments, it is not appropriate to
provide individual child results, as the nature and scope of the assessments does not allow a
comprehensive evaluation of behaviour and cognition at an individual level.
Who is conducting the study?
§
Dr Dylan Cliff, School of Education, University of Wollongong.
§
Dr Steven Howard, School of Education, University of Wollongong.
§
Dr Stewart Vella, School of Education, University of Wollongong.
§
Prof Tony Okely. School of Education, University of Wollongong.
§
Mrs Tamara Raso, School of Education, University of Wollongong.
§
Mrs Melinda Smith, School of Education, University of Wollongong.
§
Ms Jade McNeill, School of Education, University of Wollongong.
§
Prof Ian Wright, Graduate School of Medicine, University of Wollongong.
§
Dr Megan Kelly, Graduate School of Medicine, University of Wollongong.
§
Prof Marc De Rosnay, School of Education, University of Wollongong.
§
Mr Doug Angus, School of Psychology, University of Sydney.
This study is funded by the Australian Research Council (DE140101588).
Kind Regards,
Dr Dylan Cliff
ARC DECRA Senior Research Fellow
Early Start Research Institute
School of Education, University of Wollongong
dylanc@uow.edu.au
Ph: 4221 5929
If you have any questions regarding the study, please contact Ms Tamara Raso 02 4221 5517;
email path-abc@uow.edu.au or Dr Dylan Cliff on 02 4221 5929. If you have any concerns or
complaints regarding the way the research is or has been conducted, you can contact the
University of Wollongong Ethics Officer on (02) 4221 3386 or email rso- ethics@uow.edu.au.
Your participation in this project will be greatly appreciated.
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Appendix D.13 – Parental verbal consent form

PATH ABC Follow-up study – Verbal Consent
NOTE to Research Staff – you must read this text to parents verbatim.
•
•
•
•
•

•
•

Please acknowledge that you understand that if you consent for your child to participate they will be asked to:
Wear an activity monitor on their waist for one week;
Participate in five short electronic games, picture games and watch a short video with puppets to examine
their thinking process, cognitive and emotional development,
Have their height, weight and waist circumference assessed by a trained research assistant;
Have their blood pressure and heart rate measured, and
Have photos of their eyes (retinal image) taken.
Please acknowledge that you understand that if you consent for your child to participate you will be asked to
complete:
An online parent survey (link will be sent via email)
An optional online Activities Diary to record my child’s electronic media use and reading over a period of
five days (link will be sent via email);

NOTE to Research Staff – please complete and check below.
I (your name) __________________________________________________

Child

ID ______________
☐ Have been given the PATH-ABC follow-up study information sheet and consent form.
I agree to provide verbal consent for my child ____________________________________ to take
part in the “Preschool Activity, Technology, Health, Adiposity, Behaviour and Cognition follow-up”
study.
Date of consent: ___________________________________ Time HH:

MM:

Staff name: ___________________________________
Staff Signature: ___________________________________
The best method of contact is:
☐ Email __________________________
☐ Mobile phone ______________________
☐ Phone ___________________________
The best location for child assessments would be at:
☐ Their primary school (e.g., during class time with our research staff)
☐ Their previous preschool (e.g., after-school with parental supervision, if centre is open)
☐The University of Wollongong
☐ Community centre
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☐ Other: _______________________________

Appendix D.14 – Strengths and difficulties questionnaire
Strengths and Difficulties Questionnaire
For each item, please mark the box for Not True, Somewhat True or Certainly True. It would help us if you answered all
items as best you can even if you are not absolutely certain. Please give your answers on the basis of the child's behaviour
over the last six months or this school year.

Child’s full name:…………………………………….
DOB:……………………………………….
Educator Name:………………………………………
1: Considerate of other people's feelings
2: Restless, overactive, cannot stay still for long
3: Often complains of headaches, stomach-aches or sickness
4: Shares readily with other children, for example toys, treats, pencils
5: Often loses temper
6: Rather solitary, prefers to play alone
7: Generally well behaved, usually does what adults request
8: Many worries, often seems worried
9: Helpful if someone is hurt, upset or feeling ill
10: Constantly fidgeting or squirming
11: Has at least one good friend
12: Often fights with other children or bullies them
13: Often unhappy, down-hearted or tearful
14: Generally liked by other children
15: Easily distracted, concentration wanders
16: Nervous or clingy in new situations, easily loses confidence
17: Kind to younger children
18: Often argumentative with adults
19: Picked on or bullied by other children
20: Often volunteers to help others (parents, teachers, other children)
21: Can stop and think things out before acting
22: Can be spiteful to others
23: Gets on better with adults than with other children
24: Many fears, easily scared
25: Sees tasks through to the end, good attention span
26: Is calm and easy-going
27: Likes to work things out for self; seeks help as last resort
28: Shows wide mood swings
29: Can work easily with others
30: Does not need much help with tasks
31: Gets over-excited
32: Says “please” and “thank you” when reminded

Not true

Somewhat
true

Certainly
true

¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0

¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1

¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2
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33: Chooses activities for themselves
34: Is easily frustrated
35: Gets over being upset quickly
36: Persists in the face of difficulties
37:Waits his/her turn in games
38: Cooperates with requests
39: Can move easily to a new activity after finishing a task
40: Is impulsive, acts without thinking
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¨0
¨0
¨0
¨0
¨0
¨0
¨0
¨0

¨1
¨1
¨1
¨1
¨1
¨1
¨1
¨1

¨2
¨2
¨2
¨2
¨2
¨2
¨2
¨2

